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PREFACE 


This report was prepared by Contel Federal Systems for the NASA 
Lewis Research Center under Task Order 4 of the Contract NAS3-25083. 
Under this contract, Contel Federal Systems provides technical 
support to NASA for the assessment of the future market for satellite 
communications services. Task Order 1 focused on the costs and 
tariffs for telecommunications services. Task Order 2 dealt with 
current and future domestic telecommunications requirements of the 
United States research community. Task Order 3 identified the legal 
and regulatory issues related to Direct Broadcast Satellite-Radio. 
Task Order 4, the results of which arc presented in this report and 
summarized in Section 1, Introduction And Summary, focused on the 
impact of current and future international telecommunications 
requirements of the United States research community. 
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EXECUTIVE SUMMARY 


The future telecommunications capacity and connectivity 
requirements of the United States (US) research and development (R&D) 
community raise two concerns. First, would there be adequate 
privately-owned communications capacity to meet the cvcr-incrcasing 
requirements of the US R&D community for domestic and international 
connectivity? Second, is the method of piecemeal implementation of 
communications facilities by individual researchers cost effective 
when viewed from an integrated perspective? 

To address the capacity issue, Contel recently completed a study 
for NASA identifying the current domestic R&D telecommunications 
capacity and connectivity requirements, and projecting the same to 
the years 1991, 1996, 2000 and 2010. The work reported here extends 
the scope of an earlier study by factoring in the impact of 
international connectivity requirements on capacity and connectivity 
forecasts. 

Most researchers in foreign countries, as is the case with US 
researchers, rely on regional, national or continent-wide networks to 
collaborate with each other, and their US counterparts. The US 
researchers’ international connectivity requirements, therefore, stem 
from the need to link the US domestic research networks to foreign 
research networks. The number of links and, more importantly, the 
speeds of links are invariably determined by the characteristics of 
the networks being linked. The major thrust of this study, 
therefore, was to identify and characterize the foreign research 
networks, to quantify the current status of their connectivity to the 
US networks, and to project growth in the connectivity requirements 
to years 1991, 1996, 2000, and 2010 so that a composite picture of 
the US research networks in the same years could be forecasted. 
Figure A shows the current (1990) US integrated research network, and 
its connectivity to foreign research networks. As an example of 
projections, Figure B shows the same for the year 2010. 
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FIGURE B. The 2010 U.S. Integrated Research Network 
With International Links. 









Considerable cost savings can be realized by implementing 

research networks on an integrated rather than on a piecemeal basis 
to meet individual researcher’s needs. This point was vividly 
demonstrated in the earlier study, and has the same implications for 
international connectivity. For example, currently there are 77 

links between the US and foreign research networks. We believe that 
these can be consolidated into 20 links. In the year 1991, and 

beyond, as the consolidation in the US and abroad progresses, the 

number of links can be reduced to as few as ten (10). The new links, 

no doubt would have higher speeds, but would be much more cost 
efficient due to economies of aggregation. 

Major findings of this study are as follows. 


INTERNATIONAL RESEARCH NETWORKS 

International research networks were identified and described 
for the following seven areas: Worldwide, North America (excluding 

the United States), Europe, Asia, Australia/Pacific, Ccntral/South 
America and Africa. There are a wide variety of research networks 
throughout these areas. Also, the various nations are at different 

stages in the development of such networks. A few already have 
nationwide research networks, while many are just beginning to 
develop their first research network. Also, a good number of 
countries have little or no networking activity. The most advanced 
networks, as expected, are in the more advanced, industrialized 
countries, e.g., Canada, France, Germany, Japan and the United 
Kingdom. Asia, Central/South America, and Africa are far behind in 
network development, but interest is growing in these areas. 

Some 84 research networks outside the United States were 
identified. These networks are listed in Exhibit 1-2. About 

three-fourths of these are national networks, and about one-fourth 
are multi-nation, continent-wide or worldwide networks. About half 
of the networks are in Europe, and the other half are distributed 
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across the other regions. Across all 84 networks, current link 

speeds range from 1.2 kilobits per second (Kbps) to 1.544 megabits 
per second (Mbps). When the 84 networks are categorized by link 
speeds (i.e., 1.2 Kbps to 19.2 Kbps; 48 Kbps to 768 Kbps; and 1544 
Kbps or more), about half of the networks fall into the category with 
the lowest link speeds, and only about ten percent have maximum links 
speeds of 1544 Kbps or higher. The world-wide networks have the 
lowest maximum link speed, while networks serving a single nation 
have the highest maximum link speed. The networks with the highest 
maximum link speeds are in North America (Canada), Europe (France) 
and Asia (Japan). The networks with the lowest maximum link speeds 
are in Central and South America and Africa. 


CURRENT INTERNATIONAL TRAFFIC FLOW 

An estimate of the current international R&D traffic flow was 
derived by ascertaining the speeds of the international links between 
the United States networks and the international networks. 
Currently, there are 77 United States-intcrnational links, and these 
links connect 22 United States cities to 48 foreign cities in 18 
countries. Over half of these links are to Europe, over half 
originate from two United States cities (i.e., Grccnbelt, MD and 
Princeton, NJ), and about half are NASA network links. The speeds of 
these international links range from 9.6 Kbps to 1.544 Mbps. Over 

half of the links are 19.2 Kbps or slower, and there currently is 
only one 1.544 Mbps link. 


FUTURE INTERNATIONAL TRAFFIC FLOW 

To estimate the future international traffic flow, the future 
link speeds of the international networks described above and the 
future link speeds of the United States-international links were 
projected. These projections were based on: Coordinating Committee 

for International Research Networking (CCIRN) drafted policy. Federal 
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Networking Council Engineering Planning Group (FEPG) proposed policy, 
CCIRN perspective on worldwide research network requirements, and 
major factors affecting international network requirements. On the 
basis of these policies, perspectives and factors guidelines were 
developed for projecting future link speeds for the international 
networks and for the international links. 

The following is a summary of the projections of future 
international network link speeds: 

1. 1991: about half of the international networks arc expected to 

have only a 9.6 Kbps backbone, about thirty-five percent are 
expected to have a 64 Kbps backbone, and only about fifteen 

percent are projected to have a 1.544 Mbps backbone. 

2. 1996: about thirty percent of the international networks are 

expected to have a 64 Kbps backbone, about thirty percent are 

expected to have a 1.544 Mbps backbone, and about forty percent 

are projected to have a 45 Mbps backbone. 

3. 2000: about thirty percent of the international networks are 

expected to have a 1.544 Mbps backbone, about thirty percent are 

expected to have a 45 Mbps backbone, and about forty percent arc 
projected to have a 1 gigabit per second (Gbps) backbone. 

4. 2010: about thirty percent of the international networks are 

expected to have a 45 Mbps backbone, about thirty percent are 

expected to have a 1 Gbps backbone, and about forty percent are 

projected to have a 5 Gbps backbone. 

To develop the projections of the United States-international 
links, the current 77 links were consolidated, reducing the number of 
international links from 77 to 20. It should be pointed out that 
these 20 links, in a final consolidation, were reduced to 10 links 
when developing the future integrated research networks (IRNs) which 
are discussed below. The following is a summary of the projections 

of the speeds of the United States-international links before this 

final consolidation: 

1. 1991: link speeds of the new 10 international links range from 

9.6 Kbps to 1.544 Mbps; about 40 percent of these links are 


expected to operate at 1.544 Mbps, about 40 percent at 64/128 
Kbps, and about 20 percent at 9.6 Kbps. 

2. 1996: link speeds of the new 10 international links range from 

64 Kbps to 45 Mbps; about 55 percent of these links arc expected 
to operate at 45 Mbps, 30 percent at 1.544 Mbps, and 15 at 64 

Kbps. 

3. 2000: link speeds of the new 10 international links range from 

1.544 Mbps to 1 Gbps; about 55 percent of these links arc 
expected to operate at 1 Gbps, 30 percent at 45 Mbps, and 15 
percent at 1.544 Mbps. 

4. 2010: link speeds of the new 10 international links range from 1 

Gbps to 5 Gbps; about 55 percent of these links are expected to 

operate at 5 Gbps, 30 percent at 1 Gbps, and 15 percent at 45 
Mbps. 


UPDATE OF UNITED STATES RESEARCH NETWORKS 

The update of the United States research networks resulted in 
very few unexpected changes that must be considered when describing 
the new current and future IRNs. This update was presented in terms 
of unexpected changes in specific U.S. research networks and in the 
National Research and Education Network (NREN) plans. The purpose of 
this update was to determine if the IRN topology maps developed in 
the previous study had to be modified. 


THE NEW INTEGRATED RESEARCH NETWORKS 
The New Current Integrated Research Network 

The incorporation of the current international research network 
traffic flow in the new current IRN, resulted in no change in the 
original current IRN domestic topology map, but suggested a need to 
consolidate United States-international links. Currently, there are, 
as noted above, some 77 links connecting the United States research 



networks to research networks in countries around the world. These 

links range in speed from 9.6 Kbps to 1.544 Mbps, and they connect a 
T1 backbone in the United States to research networks that are 
located around the world and that have link speeds ranging from 1.2 
Kbps to 64 Kbps. 

The New 1991 Integrated Research Network 

An additional consolidation of the 20 United States- 
international links in 1991 resulted in only 10 links connecting the 
United States research networks to research networks in countries 
around the world. This consolidation is possible because of the 
trend in the US and abroad to consolidate and interconnect networks. 
Therefore, the US-international connectivity requirement reduces to 
connecting major US networks to major foreign networks. In 1991, 
these links are all projected to be 1.544 Mbps links except for the 
two links to Mexico and Central/South America which are expected to 
be 128 Kbps links and one of the two links to Asia which is expected 
to be a 9.6 link. The ten links connect a T3/T1 backbone in the 
United States to research networks around the world that have link 
speeds ranging from 9.6 Kbps to 1.544 Mbps. 

The New 1996 Integrated Research Network 


In 1996, only 10 links are projected (the same as projected for 
1991) for connecting the United States research networks to research 
networks in countries around the world. These links in 1996 are all 
projected to be 45 Mbps links except for two links to Mexico and 

Central/South America and one to Asia which are each expected to be 

1.544 Mbps links. The ten links connect a backbone, ranging in link 
speeds from 45 Mbps to I Gbps, in the United States to research 

networks around the world that have link speeds ranging from 9.6 Kbps 
to 45 Mbps. 

The New 2000 Integrated Research Network 

In the year 2000, the same 10 links are projected for connecting 
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the United States research networks to research networks in countries 

around the world. However, these links in year 2000 are all projected 

to be 1 Gbps links except for two links to Mexico and Central/South 

America and one to Asia which arc each expected to be 45 Mbps links. 

The ten links connect a backbone, ranging in link speeds from 272 
Mbps to 5 Gbps, in the United States to research networks around the 

world that have link speeds ranging from 9.6 Kbps to 1 Gbps. 

The New 2010 Integrated Research Network 

In the year 2010, the same 10 links are projected for connecting 
the United States research networks to research networks in countries 

around the world. As before, these links are expected to be 

operating at higher speeds. In year 2010 they are all projected to 

be 5 Gbps links except for two links to Mexico and Central/South 

America and one to Asia which are each expected to be 1 Gbps links. 
The ten links connect, in year 2010, a backbone, ranging in link 
speeds from 1 Gbps to 25 Gbps, in the United States to research 
networks around the world that have link speeds ranging from 64 Kbps 

to 5 Gbps. 


RECOMMENDATIONS 

A consensus of academic, industry, and institutional experts 
engaged in developing and operating computer research networks is 
that significantly higher communications capacities will be needed in 
the years to come to link researchers around the world to enable them 
to collaborate in cooperative research endeavors regardless of their 
physical locations. The researchers’ needs for communications will 
encompass accessing large data bases, linking supercomputers in a 
massively paralleled configuration, and presenting simulation results 
with ever-increasing resolution and clarity to permit researcher to 
overcome resource limitations. 

NASA needs to address several technology and policy issues in 
order to translate today’s vision into what some experts have called 
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the "Collaboratory" of the future. Some specific recommendations are 

as follows: 

1. Support the development of the NREN which will improve 

network performance and ubiquity for researchers and 
educators. 

Support the consolidation of U.S. -international links, 
thereby increasing network performance and ubiquity 

worldwide. 

Support the development of a worldwide research and 

education network (WREN), thereby improving research and 
education worldwide. 

4. Support the further study of both policy and technical 
issues related to the implementation of the computer 
research initiatives already put forth by the White House 
and Congress. 

5. Continue to examine NASA’s own computer research network 
requirements and to work to incorporate these needs in the 
development of the NREN. 

6. Review industry plans for the telecommunications 
infrastructure growth, and ascertain whether researchers’ 
projected needs can be easily accommodated within the 
industry expansion plans. 
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SECTION 1 


INTRODUCTION AND SUMMARY 


1.1 STUDY OVERVIEW AND BACKGROUND 

1.1.1 Study Overview 

During the last decade, the NASA Lewis Research Center’s 
Communications Program has conducted a series of telecommunications 
forecasting studies to project communications requirements and 
trends, and to identify critical telecommunications technologies that 
must be developed to meet future requirements. The Government 
Networks Division of Contel Federal Systems has assisted NASA in 
these studies, and the current study builds upon these earlier 
efforts. 

1.1.2 Study Background 

The current major thrust of the NASA Communications Program is 
aimed at developing the high risk, advanced communications satellite 
and terminal technologies required to significantly increase the 
capacity of future communications systems. Also, major new 

technological, economic, and social-political events and trends are 
now shaping the communications industry of the future. 

Therefore, a re-examination of future telecommunications needs 
and requirements is necessary to enable NASA to make management 
decisions in its Communications Program and to ensure that proper 
technologies and systems are addressed. This re-examination is being 
accomplished through a series of studies which are helping NASA 
define the likely communication service needs and requirements of the 
future, and thereby, ensuring that the most appropriate technology 
developments are pursued. 
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The most recent study, in this scries of studies, dealt with the 
domestic telecommunications requirements for the U.S. research and 
development community. The current study, the results of which are 
summarized in this volume, extended the scope of this earlier study 
by focusing on the international telecommunications requirements for 
the U.S. research and development community. 


1.2 METHODOLOGY 

The methodology employed in this study is described below in 
terms of the study purpose, the tasks performed, and the approach 
used to accomplish the tasks. 

1.2.1 Purpose 

The purpose of this study was to assist NASA in determining the 
current and future international telecommunications requirements for 
the U.S. research and development community. This understanding of 
international research network needs is helping NASA define the 
U.S.’s future technology requirements and thereby ensuring that the 
most appropriate technology developments are pursued. 

1.2.2 Tasks 

This study accomplished its purpose of determining current and 
future international research communications needs by undertaking the 
following tasks: 

1. Identifying, defining and describing the international 
research network community. 

2. Identifying, defining and describing major research networks 
outside the U.S.. 

3. Estimating the current and future international research 
network traffic flow. 

4. Identifying and describing recent unexpected changes in U.S. 
research networks. 
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5. Describing new current and future Integrated Research Networks 
(IRNs). 

1.2.3 Approach 

To accomplish the purpose of this study, the study approach 
depicted in Exhibit 1-1 was used. This exhibit shows the interaction 
of the five major study tasks listed above. The specific approach 
employed for each of these tasks is summarized below. 

1 .2.3.1 Identifying, Defining And Describing The International 

Research Network Community. 

The purpose of this task was to describe the international 
research network community so that the major research networks, which 
are outside the United States and with which the United States 
research networks have or may have requirements to interface, could 
be selected. 

The development of the description of the international research 
network community began with an initial review of the literature on 
international research networks. Selected books, articles and 
reports were reviewed to obtain information on the history, 
development and operation of such networks. This initial review 
helped structure interviews with leaders in the development of United 
States research networks. From the initial review and the 
interviews, preliminary information on international networks was 
developed, and contacts were identified. These new contacts were 

telephoned, and additional information on international research 
networks was obtained. 

The information collected through this series of activities was 
aggregated and analyzed, and provided the basis for describing the 
international research network community. Included in this 
description of the international research network community are three 
major summaries or outlines: a summary of the history of the 
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development of the international research networks; a summary of the 
major organizations involved in the development and coordination of 
these networks; an outline of all the significant research networks 

outside the United States, and a summary of the gateways in the 

United States. 

12.3.2 Identifying, Defining And Describing Major Research Networks 
Outside The U.S.. 

The major intent of this task was to present a picture of the 
level of research network development around the world, so that the 
current and future levels of United States/International research 
network traffic flow could be estimated. To accomplish this purpose 
the completion of two major activities was required: selecting the 

networks and then describing the networks. 

Since the major intent was to present a picture of the level of 
research network development around the world, a comprehensive 
picture of a wide variety of network efforts had to be developed. 

Therefore, the criteria used to select the international research 
networks, had to result in the selection of networks that varied on 
such elements as size (i.e., extent of coverage), link speed, and 

connectivity. Consequently, a network was selected if information on 
the network was accessible and if it met one or more of the following 

criteria: 

] it is a major worldwide network. 

2. It is a major multi-nation network. 

3. It is the only multi-nation network serving a region of the 
world. 

4. It is a major national network. 

5. It is the only national network for a country. 

6. Within a nation, it is an advanced regional network. 

7. Within a nation, or among nations, it is, or was, an important 

experimental network. 

8. It has an international link with the United States. 
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Once the international networks were selected, describing them 
involved coining additional information, drafting summaries of 
each network, and reviewing and modifying the summary descriptions, 
n ormatton on the selected international networks was collected 
mug interviews and telephone calls with research network leaders 
and managers. These descriptions of selected international 
research networks were used in subsequent tasks to estimate the 

topologies of these international networks and to identify 
current United States/international links. 

1.23.3 Estimating The Current And Future International Research 
Network Traffic Flow. 


The purpose of this task was to develop estimates of the current 
and future traffic flows, between the United States research networks 
nbed in the previous study on domestic research network 
requirements and the international research networks ,i.e„ those 
outs.de the United States) selected and described in this study. 

Estimating the current and future traffic flows between United 

activV ,nttr ” aI,0nal r “ CarCh " e,works the following 

activities: selecting the measure of traffic flow; identify.ng 

thebe' ,n " rn | a,, °" al Un, “ a " d SPCCifyin8 'heir speeds; determining 
nrren, Itnk speeds of the selected international networks- 

estimating future !i„k speeds of these international networks- 

and projecting the future link speeds of the international links. 

ne,wT d ‘ ^ •» -he selected international 

install a ° • ° n thC 1DtCrnati0nal ,inks ’ h determined that 

installed capacity would be the best measure of traffic flow As 

With the United States research networks, estimates of traffic' loads 

peak hour traffic were no. available for the international 
networks or for the international links. 

activities n " fy ' hC CUrrent Uniled States-international links three 
activities were conduced. Firs,, managers of the United States 
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networks described in the previous study were asked to identify all 

of their links with research networks outside the United States. 

Next, information on the selected international networks was reviewed 
to identify links with the United States research networks. Lastly, 
records of international links were obtained from members of the 
Coordinating Committee For International Research (CCIRN) and members 
of the FNC Engineering Planning Group (FEPG). These records served 
as the basis for the specification of the international links. The 
findings from the first two activities were used as supportive data. 

The current link speeds of the international links were obtained 

from the records on the international links. The current link speeds 
of the selected international networks were obtained from the 
international network descriptions developed in this study. 

The future links speeds of the international networks and of the 
international links were based on the future plans for these networks 
and these links. The future plans for the networks and the links 

came from four groups of information: CCIRN drafted policy, FEPG 

proposed policy, CCIRN perspective on worldwide research network 

requirements, and major factors affecting international network 
requirements. 

The estimates of research network traffic flows developed in 
this task were presented under two major topics: the current 

international research network traffic flow, and the future 
international research network traffic flow. Estimates of future 
traffic flow were made for the same benchmark years (i.e., 1991, 

1996, 2000, & 2010) used in the previous domestic research network 
study These estimates were used in subsequent tasks to describe 

new current and future integrated research networks (IRNs). 

1.2. 3.4 Identifying And Describing Recent Unexpected Changes In U.S. 

Research Networks. 

The purpose of this task was to describe any unanticipated 
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changes in United States networks that have taken place, since the 
completion of the previous study on domestic network requirements, 
and that might have significant impacts on the current and future 

Integrated Research Networks (IRNs) defined in this previous study. 
That is, the intent of this task was to update the information 

collected, during the previous study, on the United States research 
networks and on the National Research and Education Network (NREN). 
The focus was on changes related to the topologies of the United 
States networks and to the plans for the NREN. 

Updating the information on the United States research networks 

and the NREN included the following activities: collecting 

information from the managers of each network; collecting information 
on the NREN from industry leaders; and organizing this information so 
its impact on the current and future IRNs could be determined. 

To collect information on the United States networks, the 
managers of all the United States networks were contacted by mail and 
by telephone. Each manager was sent a copy of the narrative 

description and the topology map prepared during the previous study 
for his network. He was asked to review this information and to 

identify any major changes that should be made in either the 
narrative description or the topology map. This mailing was followed 
up by telephone calls until the necessary information was obtained. 
The information then was organized so that the impact of the 
significant changes could be assessed. 

Current information on the NREN plans was obtained by 
interviewing industry leaders identified in the previous study and by 
reviewing documents describing current NREN plans. Interviews were 
conducted in person (e.g., during the EDUCOM National Net’90) and 
over the telephone. Documents were obtained from the various groups 
and committees which are involved in the planning of the NREN. Based 
on the obtained information, the current status and future plans for 
the NREN were summarized and used in subsequent tasks when describing 
the new current and future IRNs. 
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1 .2.3.5 Describing New Current 
Networks (IRNs). 


And Future Integrated Research 


The purpose of this task was to describe, given the findings of 
the current study, the new current and future Integrated Research 
Networks (IRNs). That is, the intent was to use the results of Tasks 
1-4 to modify the original IRNs developed in the previous study. It 

was anticipated that the findings from Tasks 1 and 2, which include 
descriptions of the international research network community and of 
the major research networks outside of the United States, would 
provide a worldwide perspective for developing the new IRNs. Then, 
it was expected that the estimates of the current and future 
international traffic flows developed in Task 3 and the update of the 
United States Research networks and the NREN plans prepared in Task 
4, along with the current and future IRNs described in the previous 
study, would be used to develop new current and future IRNs. 

To accomplish the aforementioned purpose, the completion of three 
major activities was required: the assessment of the impact, on the 

current and future IRNs, of unexpected changes in the United States 
research networks and in the NREN plans; incorporation of the current 
international research network traffic flow in the description of the 
current IRN; and the incorporation of the future international 
research network traffic flows in the description of the future IRNs. 

To determine the impact of the unanticipated changes in United 
States research networks on the current and future IRNs, each change 
was reviewed to determine whether or not it would have an impact on 
the original topology maps developed for the current and future 
IRNs That is, if the change required a modification of the major 
access points, the connectivity, or the link speeds of any of the IRN 
topology maps, these modifications were made. 

in a similar manner, the current NREN plans were reviewed to 
determine if any unanticipated changes in these plans required 
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modifications in the origina, projections „ f future 

$inCe ,hiS S, “ dy “* '<*»> « .h= p.litical and 

'“P'.ha.ions of the NREN, bn, on its technical „ e ,w„ rk 

requirements, changes in the planned NREN technica, network 
requirements were given the most attention. 

To incorporate the estimates of the current internationa, 
researc network traffic How in the description of the current IRN 
he information depicted on the origina, current ,RN ,o p „,„g y map ; 

the d Urr ' m SP " d! ° f ,h ' .h.ernationa, research networks, and 

escnptions of the current United States-internationa, links 
were summer, aed and presented in a single diagram. This analysis did 

as wifi “ ' h ' COnS °“ da,, ° n ° f U ” iKd ^-interna, ion., u.ks, 

’ “** ,n ,hC analysis o f information on the future ,RNs 

The s.ng,e diagram tha, was prepared depicts the new current ,RN- i, 

IS the new current IRN topology map. 

In a similar manner, the estimates of the future international 
rasearc network traffic f,ow were incorporated in the descr,” 

future IRN \ That ^ ^ mf0rmation dc P icted on the original 

th ; ru,ure unk speeds ° r ,he 

etworks, and the descriptions of the future United States 
mternationa, ,inks were summarised and presented in a sing,e diag't 

t each future benchmark year. As noted in the discussion of Task 
. the same future benchmark years (i.e., 1996 , 2000 & 

used ,n the previous domestic study were used again for this study. 

Also, as noted in the discussion of Task 3, the United States- 
international links initially were consolidated for ,90, and bey d 

.o give each United States city a maximum of one link to any fore „ 

cPuntry. When developing 

consolidation of links was made based on an understanding of network 
jqu^rements between the United States and each foreign country 
When making this additional consolidation, i, was assumed that 

continent-wide networks would be developing i„ selected parls of 

8 " ° Pe) ' a " d tha ' the States would have several 
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links to these continent-wide networks and would not need direct 
access to every major country. This resulted in a maximum of one 
United States-international link to each foreign country and only 
indirect links to some countries. 

While it is possible that the United States may desire more than 
one link to some foreign countries or may desire separate links for 
special projects, these desires were not reflected in the new future 
IRN topologies, because these desires would be based more on needs 
related to security and redundancy than on actual traffic flow. 

Four new future topology maps were developed to depict the 
results of these analyses of the future IRNs. These new- IRNs, while 
still focused on the United States, now include international as well 
as domestic research network requirements. 


1.3 MAJOR FINDINGS 
1.3.1 Overview 

The major findings of this study are summarized below and focus 
on: 

1. The description of the international research network community. 

2. The description of the selected international research networks. 

3. The current and future international research network traffic 
flow. 

4. The update of the United States research networks. 

5. The new current and future IRNs. 

1.3.2 The International Research Network Community. 

The international research network community was described in 
terms of its history, major international organizations, the major 
international networks, and the United States* terrestrial and 
satellite international gateways. 
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The history of the international research network community is 
similar, in many ways, to the history of research networks in the 
United States. At the country level, some nations have sponsored 

experimental networks like the ARPANET in the United States, most 
nations have had to work to sell the value of research networks, and 
all are facing similar policy and technological issues. At both the 
country and the international levels, a variety of networks have been 
developed, inter-network links have been established as the need 
arose, and the needs to consolidate and coordinate efforts have 
resulted. 

A number of organizations have been formed to recommend and to 
implement guidelines for planning, coordinating, and standardizing 
international networking activities. Some important organizations 
are: Coordinating Committee For Intercontinental Research Networking 

(CCIRN), International Standards Organization (ISO), Consultative 
Committee for International Telephoney and Telegraphy (CCITT), 
Internet Activities Board (IAB), Federal Networking Council 
Engineering Planning Group (FEPG), International Collaboration Board 
(ICB) and the Reseaux Associes pour la Recherche Europeenne (RARE). 
The general purposes of all of these organizations are to improve 
services, increase connectivity, and reduce costs related to 
developing and maintaining research networks throughout the world. 

In the description of the international research network 
community, networks were identified for the following areas: 
Worldwide, North America, Europe, Asia, Australia/Pacific, Central 
and South America and Africa. There are a wide variety of research 
networks throughout these areas. Also, the various nations are at 
different stages in the development of such networks. A few already 
have nationwide research networks, while many are just beginning to 
develop their first research network. Also, a good number of 
countries have little or no networking activity. Over 80 potentially 
significant research networks were identified throughout the world. 
About three-fourths of these are national networks, and about 
one-fourth are multi-nation, continent-wide or worldwide networks 
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The most advance networks, as expected, are in the more advanced 

industrialized countries, e.g., Canada. France, Germany, Japan and 

t e United Kingdom. Asia, Central and South America and Africa are 

far behind in network development, but interest is growing in these 
areas. 


The United States terrestrial and satellite international 
gateways include some twelve cable systems and 118 earth stations. 


1.3.3 The description of the selected international re 
networks. 


search 


Some eighty-four international research networks, which were 
selected and described, are briefly described in Exhibits 1-2 and 
I--' The location, network name and link speeds for the eighty-four 
networks are listed in Exhibit 1-2. These networks are summarized by 
coverage, major geographical area and link speed in Exhibit 1-3. 

Coverage is defined in terms of four groups: worldwide, 

continent-wide, multi-nation and single nation. About four-fifths of 
the selected networks serve a single nation. The other one-fifth 
serve either several nations, an entire continent, or most of the 
world. The world-wide networks have the lowest maximum link speed, 
while networks serving a single nation have the highest maximum link’ 
speed. Across all groups, link speeds range from 1.2 to 1544 Kbps. 

Seven major areas of the world were used to group these 
networks. These areas are: Worldwide, North America, Europe, Asia 

Austraha/Pacific, Central/South America, and Africa. About half of 
the networks are in Europe, and the other half are distributed across 
the other major areas. The networks with the highest maximum link 
speeds are in Europe (Germany) and Asia (Japan). The networks with 

the lowest maximum link speeds are in Central/South America and 
Africa. 


Networks were also grouped by maximum link speed. The three 
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EXHIBIT 1-2. International Research Networks 




Network Link 

(Kbps) 


WORLDWIDE 


NORTH AMERICA 
CANADA 


MEXICO 

EUROPE 

CONTINENT- WIDE 

MULTI-NATION 

FRANCE 


GERMANY 


UNITED KINGDOM 


OTHER EUROPE 
AUSTRIA 


BITNET 

CSNET 

USENET 

UUCP 

UUNET 

FIDONET 

DREnet 

CDNnet 

NetNorth 

CA’net 

AHEN 

BCnct 

CRIM 

Onct 

ITESM 
UN AM 


EUnct 

EARN 

HEPnet 

Ean 

RIPE 

IASnet 

NORDUnet 

CYCLADES 

FNET 

ARISTOTE 

SMARTIX 

PHYNET 

REUNIR 

HMI-NET 

DFN 

AGFNET 

BERNET 

NPL 

SERCnet 

JANET 

Starlink 

UKnet 

ACONET 


9.6 

9.6 

11 

1 . 2-11 
1 . 2-11 
1.2 - 9.6 

1.2 - 64 

1.2 - 19.2 
2.4 - 9.6 
56 - 1544 
2.4 - 9.6 
9.6 - 1544 
56 

19.2 - 56 

9.6 - 64 
9.6 - 64 


2.4 - 64 
2.4 - 64 
64 
9.6 
1544 

2.4 - 11 
64 - 2000 

4.8 - 19.2 
4.8 

4.8 - 64 
4.8 - 64 
64 

4.8 - 2000 
9.6 

9.6 - 64 

64 

64 

2.4 - 9.6 
9.6 

9.6 - 64 
9.6 

1.2 - 19.2 
2.4 - 19.2 
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EXHIBIT 1-3. International Research Networks 
Summary By Coverage . Major Area & Link Speed 


^ ABaW hMt AW VIC 

# Qf Networks 

I. ink Sneeds. 

Mimmftry tjroupg- — 

RY COVERAGE 


(Kbps) 

Worldwide 

6 

1.2-11 

Continent-Wide 

5 

2.4 - 1544 

Multi-Nation 

7 

1.2 - 2000 

Single Nation 

66 

1.2 - 1544 


RV MAJOR G F^- PAPHTrAL AREA 


Worldwide 

6 

1.2-11 

North America 

8 

1.2 - 1544 

Europe 

40 

1.2 - 1544 

Asia 

15 

1.2 - 1544 

Australia/Pacific 

8 

2.4 - 512 

Central & South 
America 

4 

1.2 - 64 

Africa 

3 

1.2 - 9.6 

RY MAXIMUMJJHK speed 


(Kbps) 



1.2 - 19.2 

41 


48 - 768 

30 


1544 or more 

9 


W / A 

4 
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" T PS H SP “ d! “* U Kb ” - *« Kbps; 48 Kbps «o ,68 

Kbps; and ,544 Kbps or more. About half of neIworks ^ _ 

e category w„h the lowest link speeds. Only about ten percent 

ave maximum links speeds of 1544 Kbps or higher. 

1.3.4 The Cur,,., And Future Interna,,..., Network 

Flow. 


1 .3.4.1 Current Traffic Flow 

instap d' CUrre °‘ n ° W ' S,i,Da, ' d by determining the 

stalled capacty of the international links between the United 

tes networks described in the previous study and the interna, ion. 
I;" “ " '«■ ^ -a, is, the current installed 

:r: „ r;™* 1 <- ***« --4 b^ ttoM 

( I EhhTT CaPadty ° f ,hC Se, “ ,ad network 

E h ‘ bl '- 3 ab0V '»’ ™ — » develop a picture of the current 
international traffic flow. “rrcni 

There currently .« 77 United States-internationa, links 
connect 22 United States cities to 48 foreign cities in 18 
ountnes. Over half of these links are to Europe, over half 
originate from two United States cities (i.e., Greenbelt, MD and 

NJ »: a " d ab »“' bb ‘ f « NASA network links. Th speeds o 

o'f ThTTk U " k! ra ” 8 ' fr ° n 96 ,P ^ Over 

„ the ,,nk! are 192 Kbps or slower, and there currently is 

only one 1.544 Mbps link. y 

1.3.4.2 Future Traffic Flow 

To estimate the future international traffic flow, the f„,„ rc 

of the J in " rna,i °" al ” C,WOrkS future link speeds 

of the untted States-internationa, links were projected. Thes 

projections were based nn- moM . se 

policy CCIRM af,Cd P °' iCy ’ FEPG P">POeed 

P y, CCIRN perspective on worldwide research network requirements 

major factors affecting international network requirements 
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EXHIBIT 1-2. International Research Networks 

(Continued) 



Network 

Link Sneeds 
(Kbps) 

DENMARK 

DENet 

64 - 128 

FINLAND 

FUNET 

14 - 64 

ICELAND 

EUNET 

1.2 - 9.6 

IRELAND 

HEANET 

1.2 - 64 


EuroKom 

1.2 - 64 

ITALY 

INFNET 

9.6 - 48 

NETHERLANDS 

SURFnct 

9.6 - 64 

NORWAY 

UNINETT 

64 

SOVIET UNION 

Academnet 

... 


Adonis 

— 


ANAS 

— 

SPAIN 

Enet 

9.6 


Ean 

9.6 - 64 

SWEDEN 

SUNET 

64 

SWITZERLAND 

SWITCH 

64 

YUGOSLAVIA 

SIS 

1.2 - 19.2 

ISIA 



MULTI-NATION 

AUSEAnet 

1.2 


GULFnet 

1.2 - 9.6 


PACNET 

2.4 

JAPAN 

N-l 

4.8 - 48 


NACSIS 

48 - 768 


JUNET 

2.4 - 1 544 

Hong Kong 

HARNET 

1.2 - 9.6 

INDIA 

NICNET 

1.2 - 9.6 

INDONESIA 

UNInet 

— 

ISRAEL 

ILAN 

9.6 

KOREA 

KREONet 

56 
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EXHIBIT 1-2. International Research Networks 

(Continued) 


Location 

Network 




(Kbps) 

ASIA - Continued 

MALAYSIA 

RangKom 

4.8 - 9.6 

THAILAND 

TCSnet 

1.2 - 2.4 

AUSTRALIA/PACIFIC 

MULTI-NATION 

PACCOM 

19.2 - 512 


SPEARNET 

2.4 - 9.6 

AUSTRALIA 

ACSnet 

2.4 


ABN 

2.4 - 9.6 


QTInet 

2.4 - 9.6 


VICNET 

2.4 - 9.6 


AARNet 

48 

NEW ZEALAND 

DSIRnet 

2.4 

CENTRAL & SOUTH AMERICA 


MULTI-NATION 

CARINET 

1.2 


CATIENET 

1.2 - 2.4 

AFRICA 

MULTI-NATION 

CGNET 

1.2 - 2.4 

EGYPT 

ENTSTINET 

9.6 

TUNISIA 

Afrimail 

1.2 - 2.4 
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EXHIBIT 1-4. US-IIMTERNATIONAL LINKS 

(®*’8*®**®d By Foreign Country) 


FOREIGN CTTV 

north AMERICA 
CANADA 
Edmonton, BC 
Montreal, QB 
Montreal, QB 
Ottawa, QB 
Ottawa, QB 
Ottawa, QB 
Toronto, ON 
Toronto, ON 
Toronto, ON 
Vancover.BC 
Vancover,BC 

MEXICO 


EUROPE 

FRANCE 

Sophia 

Montepellier 

Montepellier 

Paris 

Paris 

Toulouse 

Toulouse 

Moudon (Paris Obs) 
Moudon (Paris Obs) 
Moudon (Paris Obs) 
Strasburg 

GERMANY 

Bonn 

Bonn 

Bonn 

Darmstadt 

Darmstadt 

Garching 

Garching 

Garching 

Heidelberg 

Max Plank 

Max Plank 

Oberfaf 

Oberfaf 


US CITY 


Princeton, NJ 
Princeton (JVNC), NJ 
Princeton, NJ 
Greenbelt (GSFC), MD 
Rochester, NY 
Princeton, NJ 
Chicago (FNAL), IL 
Ithaca (CNSC), NY 
Princeton, NJ 
Seattle (UofW), WA 
Seattle (UofW), WA 


Boulder (NCAR), CO 
San Antonio, TX 
San Antonio, TX 


Princeton, NJ 
Ithaca, NY 
New York (CUNY), NY 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Princeton, NJ 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


US NET./PURPngr 


BITNET, Acad Res 
NSFNET, Research 
BITNET, Acad Res 
SPAN/NASA Research 
NSFNET, Research 
BITNET, Acad Res 
ESNET/DOE HEP 
NSFNET, Research 
BITNET, Acad Res 
NSFNET, Research 
BITNET, Acad Res 


USAN Acad Research 
USAN Acad Research 
NSFNET, Acad Res 
BITNET, Acad Res 


NSFNET, Research 
NSFNET, Supercomput 
BITNET, Acad Res 
SPAN/NSN Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 


SPAN/NASA Research 
SPAN/NASA Research 
BITNET, Acad Res 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
ESNET/DOE Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NASA Research 
SPAN/NASA Research 


Mexico City (UNAM) Boulder (NCAR) CO 
Antizapan (ITESM) 

Monterrey 
Monterrey 


LINK SPEED 
(Kbps) 


9.6 

56 

9.6 

56 

56 

9.6 

56 

56 

9.6 

19.2 (56) 
9.6 


64/128 

64/128 

9.6 

9.6 


64 

56 

56 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 (1995) 
56 (1996) 
9.6 


9.6 

56 

9.6 

19.2 

9.6 

56 

64 

9.6 

9.6 

9.6 

9.6 

56 (1995) 
9.6 
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EXHIBIT 1-4. US-INTERNATIONAL LINKS 

(Organized By Foreign Country - Continued) 


FOREIGN CITY 

UNITED KINGDOM 
Abingdon 
Bristol 
London 
Malvern 
Oxford 
Oxford 

OTHER EUROPE 
ITALY 
Bologona 
Bologona 
Citta 
Frascati 
Frascati 
Frascati 
Pisa 

NETHERLANDS 

Hague 

Noordwijk 

Amsterdam 

NORWAY 

Oslo 

SWEDEN 

Stockholm 

SWITZERLAND 

Cern 

Geneva 

Geneva 

ASIA 

JAPAN 

Jaeri 

Nagoya 

Tokyo 

Tokyo 

Tokyo 

Tokyo 

Tokyo 

MALAYSIA 

Singapore 

SAUDI ARABIA 
Riyadh 


US CITY. 


Greenbelt (GSFC), MD 
Grecnbclt (GSFC), MD 
Princeton (JVNC), NJ 
Cambridge (BBN), MA 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


Chicago (FNAL), IL 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Arlington (DARPA),VA 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Falls Church, VA 


Seismo, Washington,DC 


Princeton (JVNC), NJ 


Ithaca, NY 

Cambridge (MIT), MA 
Chicago (FNAL), IL 


Lawrence (LLNL), CA 
Lawrence (LLNL), CA 
Berkeley (LBL), CA 
Washington, DC (NSF) 
Honolulu, HA 
Honolulu, HA 
Princeton, NJ 


Princeton, NJ 


Princeton, NJ 

Page 1- 


IIS net./p urpose 


SPAN/NASA Research 
SPAN/NASA Research 
NSFNET, Acad Res 
DRI/DARPA Research 
SPAN/NASA Research 
SPAN/NASA Research 


ESNET/DOE HEP 
ESNET/DOE HEP 
SPAN/NASA Research 
ESNET/DOE HEP 
SPAN/NASA Research 
SPAN/NASA Research 
DRI/DARPA Research 


SPAN/NASA Research 
SPAN/NASA Research 
EUNET, UNET 


DRI/DARPA Research 


NSFNET, Acad. Res. 


NSFNET, Supercomput 
ESNET/DOE HEP 
ESNET/DOE HEP 


ESNET/DOE HEP 
ESNET/DOE HEP 
ESNET/DOE HEP 
NSFNET Acad Res 
NSN/NASA Research 
NSN/NASA Research 
BITNET, Acad Res 


BITNET, Acad Res 


BITNET, Acad Res 


LINK SPEED 
(Kbps) 

56 

9.6 

56 

64 

56 

9.6 


9.6 

64 

9.6 

64 

56 

9.6 

64 


19.2 

9.6 

64 


64 


64 


1544 

256 

64 


9.6 

9.6 

56 

14.4 

64 

64 

9.6 


9.6 


9.6 


EXHIBIT 1-4. US-INTERNATIONAL LINKS 

(Organized By Foreign Country - Continued) 


FOPFTGN CITY 

AUSTRALIA/PACIFIC 

AUSTRALIA 

Melbourne 

NEW ZEALAND 
Hamilton 


IIS CITY 


Honolulu, HI 


Honolulu, HI 


CENTRAL & SOUTH AMERICA 
BRAZIL 

Rio De Janeiro 
Rio De Janeiro 
Sao Paulo 


Los Angeles, CA 
Princeton, NJ 
Princeton, NJ 


CHILE 
La Serena 
Santiago 

PUERTO RICO 
San Juan 


Huntsville, AL 
Princeton, NJ 


Tampa, FL 


ttc nft /PURPOSE 

NSN/NASA Research 
NSN/NASA Research 


BITNET, Acad Res 
BITNET, Acad Res 
BITNET, Acad Res 

SPAN/NASA Research 
BITNET, Acad Res 


BITNET, Acad Res 


I. INK SPEED 
(Kbps) 


64 


64 


9.6 

9.6 

9.6 


56 

9.6 


9.6 
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These policies, perspectives and factor.; 

th* r„n i actors were summarized in terms of 

the following expectations: 

L mnnirnrionn like the ccirn win 

worldwide network development and coordination "courage 

2. World events arc leading an Increase in multi-natio. and even 

connec,iv^ T ra " Vt ^ ^ 

3- Specific research in the areas of th~ 

mgd iginc and are demanding more adva^ Network run* ' 

and new network applications. ” C ‘ ,0n! 

4 M{tww * frghnpl-Tf v mrnrrh and development will 

facilitate network development worldwide. *' 

On the basis of these expectations, guidelines were develooed r 
projecting future i ink !oeed , , . ere —doped for 

-he international links rl Tv - for 

network link speeds were- all “ Pr ° iec,in8 ^tarnational 

-eloping a nationwr JLTZ.^2 ^ T 

backbones nf tu+ 1 link speeds of the 

uacKoones of these networks would increase . . 

or,h - 

be considered when devdop^g T W ° U ' d 

projections The „ M ’ but not whcn making these 

States-international ILL^wer^ ^ SPCCdS ° f the Un ^ed 

- - »~d, : ^.“crer: : r ida,ed 

a- 5 Gbps; only the consolidated links would b “ ifh 

•ha. might be retluired in the Pr ° J ' C ‘ ed; 

developing the new IRNs but not V" WOU ' d ^ C ° nSld ' rCd when 
-h instances, project ^ u,7 ^ 

and 2010. developed for 1991, 1996, 2000, 


The projections of international network link sneed, „ ,• 

and summarized in Exhibits 1-5 through |., 2 The f „ 

summary of these projections; 0W, " e ‘ S a 

1991. about half of the international networks are expected 

have onJv a o a vu t expected to 

9.6 Kbps backbone, about thir.y-five percent are 
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EXHIBIT 1-5. 1991 Projected Link Speeds 
International Research Networks 


location 

Sneeds 

WORLDWIDE Networks 

9.6 Kbps 

NORTH AMERICA 
Canada 

64 Kbps 

Mexico 

64 Kbps 

EUROPE 

Continent-Wide Nets. 

1.544 Mbps 

Multi-Nation Nets. 

1.544 Mbps 

France 

64 Kbps 

Germany 

64 Kbps 

United Kingdom 

64 Kbps 


OTHER EUROPE 
Austria 

Denmark 

Finland 

Iceland 

Ireland 

Italy 

Netherlands 

Norway 

Soviet Union 

Spain 

Sweden 

Switzerland 

Yugoslavia 


9.6 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 
64 Kbps 
64 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 
9.6 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 


ASIA 

Multi-Nation Nets. 


9.6 Kbps 
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EXHIBIT 1-5. 1991 Projected Link Speeds 
International Research Networks 

(Continued) 


Location 

Link 

ASIA (Continued) 
Japan 

1.544 Mbps 

Hong Kong 

9.6 Kbps 

India 

9.6 Kbps 

Indonesia 

9.6 Kbps 

Israel 

9.6 Kbps 

Korea 

1.544 Mbps 

Malaysia 

9.6 Kbps 

Thailand 

9.6 Kbps 

A USTRALIA/PACIFIC 
Multi-Nation Nets. 

1.544 Mbps 

Australia 

9.6 Kbps 

New Zealand 

9.6 Kbps 

CE ^ T f AL & SOUTH AMERICA 
Multi-Nation Nets. 

9.6 Kbps 

AFRICA 


Multi-Nation Nets. 

9.6 Kbps 

Egypt 

9.6 Kbps 

Tunisia 

9.6 Kbps 
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EXHIBIT 1-6. Summary-1991 Link Speeds 
International Research Networks 


Summary Groups 

# Of Networks 

Link Sneeds 

BY COVERAGE 



Worldwide 

1 

9.6 Kbps 

Continent-Wide 

1 

1.544 Mbps 

Multi-Nation 

5 

9.6 Kbps - 1.544 Mbps 

Single Nation 

29 

9.6 Kbps - 1.544 Mbps 

BY MAJOR GEOGRAPHICAL AREA 


Worldwide 

1 

9.6 Kbps 

North America 

2 

64 Kbps 

Europe 

18 

9.6 Kbps - 1.544 Mbps 

Asia 

8 

9.6 Kbps - 1.544 Mbps 

Australia/Pacific 

3 

9.6 Kbps - 1.544 Mbps 

Central & South 
America 

1 

9.6 Kbps 

Africa 

3 

9.6 Kbps 

BY LINK SPEED 



9.6 Kbps 

18 


64 Kbps 

13 


1.544 Mbps 

5 
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EXHIBIT 1-7. 1996 Projected Link Speeds 

International Research Networks 

Location 

Link Sneeds _ 

WORLDWIDE Networks 

1.544 Mbps 

NORTH AMERICA 
Canada 

45 Mbps 

Mexico 

1.544 Mbps 

EUROPE 

Continent-Wide Nets. 

45 Mbps 

Multi-Nation Nets. 

45 Mbps 

France 

45 Mbps 

Germany 

45 Mbps 

United Kingdom 

45 Mbps 

OTHER EUROPE 
Austria 

1.544 Mbps 

Denmark 

45 Mbps 

Finland 

1.544 Mbps 

Iceland 

1.544 Mbps 

Ireland 

1.544 Mbps 

Italy 

45 Mbps 

Netherlands 

45 Mbps 

Norway 

45 Mbps 

Soviet Union 

1.544 Mbps 

Spain 

1.544 Mbps 

Sweden 

45 Mbps 

Switzerland 

45 Mbps 

Yugoslavia 

64 Kbps 

SIA 

Multi-Nation Nets. 

64 Kbps 
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EXHIBIT 1-7. 1996 Projected Link Speeds 
International Research Networks 

(Continued) 



— 

ASIA (Continued) 
Japan 

45 Mbps 


Hong Kong 

64 Kbps 

— 

India 

64 Kbps 


Indonesia 

64 Kbps 


Israel 

64 Kbps 


Korea 

1.544 Mbps 


Malaysia 

64 Kbps 

— 

Thailand 

64 Kbps 



AUSTRALIA/PACIFIC 

Multi-Nation Nets. 

45 Mbps 


Australia 

1.544 Mbps 

— 

New Zealand 

1.544 Mbps 

— 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

64 Kbps 


AFRICA 

Multi-Nation Nets. 

64 Kbps 


Egypt 

64 Kbps 

— 

Tunisia 

64 Kbps 


Page 1-27 



EXHIBIT 1-8. Summary-1996 Link Speeds 
International Research Networks 

teuasts^i, Uk , 

BX £QVER A r.r LifitSssot^ 


Worldwide j 

Continent-Wide j 

Multi-Nation ^ 

Single Nation 29 

BX MAJSiE ^-FCCnAr mrAt fl p F| ^ 
Worldwide j 

North America 2 

Europe 

18 

Asia 

8 

Australia/Pacific 3 

Central & South , 

America 1 

Africa 

BY LfNK; gppf p 
64 Kbps j j 

1-544 Mbps j j 

45 Mbps 


1*544 Mbps 
45 Mbps 

64 Kbps - 45 Mbps 
64 Kbps - 45 Mbps 


1-544 Mbps 
1.544 Mbps - 45 Mbps 
64 Kbps - 45 Mbps 
64 Kbps - 45 Mbps 
1.544 Mbps - 45 Mbps 
64 Kbps 

64 Kbps 
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EXHIBIT 1-9. 2000 Projected Link Speeds 
International Research Networks 


Location 

Link..Sm<b 

WORLDWIDE Networks 

45 Mbps 

NORTH AMERICA 
Canada 

1 Gbps 

Mexico 

45 Mbps 

EUROPE 

Continent-Wide Nets. 

1 Gbps 

Multi-Nation Nets. 

1 Gbps 

France 

1 Gbps 

Germany 

1 Gbps 

United Kingdom 

1 Gbps 

OTHER EUROPE 
Austria 

45 Mbps 

Denmark 

1 Gbps 

Finland 

45 Mbps 

Iceland 

45 Mbps 

Ireland 

45 Mbps 

Italy 

1 Gbps 

Netherlands 

1 Gbps 

Norway 

1 Gbps 

Soviet Union 

45 Mbps 

Spain 

45 Mbps 

Sweden 

1 Gbps 

Switzerland 

1 Gbps 

Yugoslavia 

1.544 Mbps 

ASIA 

Multi-Nation Nets. 

1.544 Mbps 
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EXHIBIT 1-9. 2000 Projected Link Speed: 
International Research Networks 

(Continued) 

Location 

Link Sneeds 

ASIA (Continued) 
Japan 

1 Gbps 

Hong Kong 

1.544 Mbps 

India 

1.544 Mbps 

Indonesia 

1.544 Mbps 

Israel 

1.544 Mbps 

Korea 

45 Mbps 

Malaysia 

1.544 Mbps 

Thailand 

1.544 Mbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

1 Gbps 

Australia 

45 Mbps 

New Zealand 

45 Mbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

1.544 Mbps 

AFRICA 

Multi-Nation Nets. 

1.544 Mbps 

Egypt 

1.544 Mbps 

Tunisia 

1.544 Mbps 
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EXHIBIT 1-10. Summary-2000 Link Speeds 
International Research Networks 

Summary Groups * Qf N^Qrj^ Uf« k SPtfl k 


RY rOVERAGE 
Worldwide 
Continent-Wide 
Multi-Nation 
Single Nation 


45 Mbps 
1 Gbps 

1.544 Mbps - 1 Gbps 
1.544 Mbps - 1 Gbps 


RV MAJOR GEOGRAP HICAL AREA 


Worldwide 

1 

North America 

2 

Europe 

18 

Asia 

8 

Australia/Pacific 

3 

Central & South 
America 

1 

Africa 

3 

RY LINK SPEED 


1.544 Mbps 

11 

45 Mbps 

11 

1 Gbps 

14 


45 Mbps 

45 Mbps - 1 Gbps 

1.544 Mbps - 1 Gbps 

1.544 Mbps - 1 Gbps 
45 Mbps - 1 Gbps 

1.544 Mbps 

1.544 Kbps 
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EXHIBIT 1-11. 2010 Projected Link Speeds 
International Research Networks 


Location 

Link Sneeds 

WORLDWIDE Networks 

1 Gbps 

NORTH AMERICA 
Canada 

5 Gbps 

Mexico 

1 Gbps 

EUROPE 

Continent-Wide Nets. 

5 Gbps 

Multi-Nation Nets. 

5 Gbps 

France 

5 Gbps 

Germany 

5 Gbps 

United Kingdom 

5 Gbps 

OTHER EUROPE 
Austria 

1 Gbps 

Denmark 

S Gbps 

Finland 

1 Gbps 

Iceland 

1 Gbps 

Ireland 

1 Gbps 

Italy 

5 Gbps 

Netherlands 

5 Gbps 

Norway 

5 Gbps 

Soviet Union 

1 Gbps 

Spain 

1 Gbps 

Sweden 

5 Gbps 

Switzerland 

5 Gbps 

Yugoslavia 

45 Mbps 

SIA 

Multi-Nation Nets. 

45 Mbps 
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EXHIBIT 1-11. 2010 Projected Link Speeds 
International Research Networks 

(Continued) 

Location Link Speeds 


ASIA (Continued) 


Japan 

5 Gbps 

Hong Kong 

45 Mbps 

India 

45 Mbps 

Indonesia 

45 Mbps 

Israel 

45 Mbps 

Korea 

1 Gbps 

Malaysia 

45 Mbps 

Thailand 

45 Mbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

5 Gbps 

Australia 

1 Gbps 

New Zealand 

1 Gbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

45 Mbps 

AFRICA 

Multi-Nation Nets. 

45 Mbps 

Egypt 

45 Mbps 

Tunisia 

45 Mbps 
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EXHIBIT 1-12. Summary-2010 Link Speeds 
International Research Networks 




Link Sneeds 

BY COVERAGE 



Worldwide 

1 

1 Gbps 

Continent-Wide 

1 

5 Gbps 

Multi-Nation 

5 

45 Mbps - 5 Gbps 

Single Nation 

29 

45 Mbps - 5 Gbps 

BY MAJOR GEOGRAPHICAL AREA 


Worldwide 

1 

1 Gbps 

North America 

2 

1 Gbps - 5 Gbps 

Europe 

18 

45 Mbps - 5 Gbps 

Asia 

8 

45 Mbps - 5 Gbps 

Australia/Pacific 

3 

1 Gbps - 5 Gbps 

Central & South 
America 

1 

45 Mbps 

Africa 

3 

45 mbps 

BY LINK SPEED 



45 Mbps 

11 


1 Gbps 

11 


5 Gbps 

14 
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axpccted ,0 have a 64 Kbps backbone. and only about f.fteen 

percent are projected to have a 1.544 Mbps backbone. 

1996 . about thirty percent of the international networks are 

expected to have a 64 Kbps backbone, about th.rty percent are 

expected to have a 1.544 Mbps backbone, and about forty percent 

are projected to have a 45 Mbps backbone. a ,e 

2000 - about thirty percent of the international 

expected to have a 1.544 Mbps backbone, about thirty perceu, are 

expected to have a 45 Mbps backbone, and about forty percent are 

projected to have a 1 Gbps backbone. 

4 2010 - about thirty percent the international networks 

expected to have a 45 Mbps backbone, about th.rty percent are 
expected to have a 1 Gbps backbone, and about forty percent are 

projected to have a 5 Gbps backbone. 

th* United States-international 

To develop the project.ons of the United at 

links the current 77 links were consolidated. This process redu d 

the 'number of international links, and therefore number of Un.ted 

ItesTLs and foreign cities directly linked. The only cons, an 

was the number of foreign countries. The number of tnternattona 

„ 4 r,„ m 77 to 20 The number of United States cues 

link* was reduced from t* to 

! r m ,, ,o seven The number of foreign cites was 

was reduced from 22 to seven. 

reduced from 48 to 20. 

addition to the guidelines noted above, the projections of 
the speeds of the international links were based, each year, on 
LIT the number and speeds of links to each foreign country 

during the previous benchmark year; the projected link speed o t e 

. ■„ M rh foreign country during the same 

backbone of the network in each toreig 

benchmark year; and the policies proposed by various organ, zattons 

concerned with international traffic. 

rtf the cneeds of the United States-international 
The projections of the speeas 

, t- . K;t i n through 1-16. The following is a 

links are presented in Exhibit 1-13 througn 

summary of these projections: 

link speeds of the new 20 international links range from 
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EXHIBIT 1-13. 1991 Projected Link Speeds 
U.S. -International Links 


1LS. CItv 

ForeiEn Cifv/Cn.int™ 

T i-i. c _ ■ 

Chicago, IL 

Toronto, Canada 

Link 

1.544 Mbps 

Ithaca, NY 

Montpellier, France 

1.544 Mbps 


Cern, Switzerland 

1.544 Mbps 

Princeton, NJ 

Bonn, Germany 

1.544 Mbps 


Stockholm, Sweden 

64 Kbps 


Rio De Janeiro, Brazil 

64 Kbps 


La Serena, Chile 

64 Kbps 


Singapore, Malaysia 

9.6 Kbps 


Riyadh, Saudi Arabia 

9.6 Kbps 

Greenbelt, MD 

Ottawa, Canada 

1.544 Mbps 


Oxford, United Kingdom 

1.544 Mbps 


Franscati, Italy 

1.544 Mbps 


Amsterdam, Netherlands 

64 Kbps 


Oslo, Norway 

64 Kbps 

Boulder, CO 

Mexico City, Mexico 

128 Kbps 

Austin, TX 

Monterrey, Mexico 

9.6 Kbps 


San Juan, Puerto Rico 

9.6 Kbps 

Honolulu 

Tokyo, Japan 

1.544 Mbps 


Melbourne, Australia 

64 Kbps 


Hamilton, New Zealand 

64 Kbps 
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EXHIBIT 1 - 14 . 1996 Projected Link Speeds 

U.S. -International Links 


TT-S. CitX 


Chicago, IL 


Ithaca, NY 


Princeton, NJ 


Greenbelt, MD 


Boulder, CO 


Austin, TX 


Honolulu 


r n r?T" r-ttv/Counm. 


link Sneel 


Toronto, Canada 


45 Mbps 


Montpellier, France 
Cern, Switzerland 


45 Mbps 
45 Mbps 


Bonn, Germany 
Stockholm, Sweden 
Rio De Janeiro, Brazil 
La Serena, Chile 
Singapore, Malaysia 
Riyadh, Saudi Arabia 


45 Mbps 
45 Mbps 
1.544 Mbps 
1.544 Mbps 
64 Kbps 
64 Kbps 


Ottawa, Canada 
Oxford, United Kingdom 
Franscati, Italy 
Amsterdam, Netherlands 

Oslo, Norway 


45 Mbps 
45 Mbps 
45 Mbps 
45 Mbps 
45 Mbps 


Mexico City, Mexico 

Monterrey, Mexico 
San Juan, Puerto Rico 


1.544 Mbps 

1.544 Mbps 
64 Kbps 


Tokyo, Japan 
Melbourne, Australia 
Hamilton, New Zealand 


45 Mbps 
1.544 Mbps 
1.544 Mbps 
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EXHIBIT 1-15. 


2000 Projected Link Speeds 


U.S.-International Links 


U.S. C'tY 
Chicago, IL 
Ithaca, NY 


Princeton, NJ 


Green belt, MD 


Boulder, CO 
Austin, TX 


Honolulu 


Link S..., 

Toronto, Canada 


1 Gbps 


Montpellier, France 
Ccrn, Switzerland 


1 Gbps 
1 Gbps 


Bonn, Germany 
Stockholm, Sweden 
Rio De Janeiro, Brazil 
La Serena, Chile 
Singapore, Malaysia 
Riyadh, Saudi Arabia 


I Gbps 
I Gbps 
45 Mbps 
45 Mbps 
1.544 Mbps 
1.544 Mbps 


Ottawa, Canada 
Oxford, United Kingdom 
Franscati, Italy 
Amsterdam, Netherlands 

Oslo, Norway 


1 Gbps 
1 Gbps 
1 Gbps 
1 Gbps 
1 Gbps 


M " iC0 City ’ 45 Mbps 

Monterrey, Mexico « Mbps 

” J “ an ' P “"'» R-o ,. 544 Mbps 


Tokyo, Japan 
Melbourne, Australia 
Hamilton, New Zealand 


1 Gbps 
45 Mbps 
45 Mbps 
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EXHIBIT 1-16. 2010 Projected Link Speeds 
U.S. -International Links 


it q ritv 

Fflreien Otv/CountrSL 

Chicago, IL 

Toronto, Canada 

Ithaca, NY 

Montpellier, France 
Cern, Switzerland 

Princeton, NJ 

Bonn, Germany 
Stockholm, Sweden 
Rio De Janeiro, Brazil 
La Serena, Chile 
Singapore, Malaysia 
Riyadh, Saudi Arabia 

Greenbelt, MD 

Ottawa, Canada 
Oxford, United Kingdom 
Franscati, Italy 
Amsterdam, Netherlands 
Oslo, Norway 

Boulder, CO 

Mexico City, Mexico 

Austin, TX 

Monterrey, Mexico 
San Juan, Puerto Rico 

Honolulu 

Tokyo, Japan 
Melbourne, Australia 
Hamilton, New Zealand 


Link Sped 

5 Gbps 

5 Gbps 
5 Gbps 

5 Gbps 
5 Gbps 
1 Gbps 
1 Gbps 
45 Mbps 
45 Mbps 

5 Gbps 
5 Gbps 
5 Gbps 
5 Gbps 
5 Gbps 

1 Gbps 

1 Gbps 
45 Mbps 

5 Gbps 
1 Gbps 
1 Gbps 
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2 . 


4. 


9-6 Kbps ,o 1.544 Mbps; about 40 percent of these links are 
etpected to operate a, 1.544 Mbps, about 40 percent a. 64/128 
Kbps, and about 20 percent at 9.6 Kbps. 

1996; link speeds of the new 20 international links range front 

Kbps to 45 Mbps; about 55 percent of these links are expected 

to operate at 45 Mbps, 30 percent at 1.544 Mbps, and 15 at 64 
Kbps. 

2000; link speeds of the new 20 international links range from 

•544 Mbps to I Gbps; about 55 percent of these links are 

expected to operate a. 1 Gbps. 30 percent at 45 Mbps, and ,5 
percent at 1.544 Mbps. 

20«0; link speeds of the new 20 international links range from 1 
Gbps to 5 Gbps; about 55 percent of these links are expected to 
; P " a " a ' 5 GbpS ' 30 4. I Gbps, and ,5 percent a, 45 


1.3.5 The Update Of The United States Research Networks. 

in terms ^ ^ St3tCS FCSCarCh nctW0rks was described 

C angcs m the United States research networks and 
changes in NREN plans. d 

ResjrV aVe b “° V " y fCW UnSXP ' C, ' d <*“«« “ «0e United States 
Res arch Networks, since the completion of the previous study .ha, 

must be considered when describing the new current and future IRNs 

netwol 1 ,mP0^ ' a “ , Cha ” 8eS ' ,h °“ inV ° IVi ” 8 8r °“ th various 

included-' ' a "" C,Pa " d ' Exam P" s of unanticipated changes 

dropped- d" 6 ° f thC C,tlCS ° f 3 Pair W3S Changcd : a site was 
link sp«d f 3 n r k With S '° Wer ' ink SPCed! iDCreaMd it! backbone 

ZEL ^ 56 "" ,b toan 


Stnce the completion of the previous study, NREN plans have 
become more clearly delineated. The description of the NREN. in 

structure ^ ° bj ' CtiVeS ' a “*“- services, network 

Structure, management and funding, has been discussed and presented 

many „mes. The NREN implemetttation plans are being implemented on 
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schedule. Connectivity expectations have been well speetfted. the 
NREN is in the second of three R&D stages, and the NREN testbe 
program is equally well planned. Finally, a number of recent federa 
agency, legislative and network development activities are d.rectly 
impacting the NREN and are helping to clarify major NREN tssues 
related to ubiquity, performance, funding and management. 

summary, there have been very few unexpected changes in the 
United States Research Networks, since the completion or the P« v ““ 
study, that must be considered when describing the new current 

future IRNs. 


1.3.6 The New Current And Future IRNs. 


To describe the new current and future IRNs, the results of 
Tasks ,.4 were used to modify the original IRNs 
previous study. First, the impact, on the current an 

of unexpected changes in the United States researen 

the NREN plans was assessed and summarized. Then, the eurren 

international research network traffic flow was tncorpora.ed 

trn Lastly and in a similar manner, 
description of the new current IRN. Lastly, ^ 

the future international research networ ra 
incorporated in the descriptions of the new future IRNs. 

The update of the United States research networks and the NREN 
plans suggested that the origins, topology maps, deve.oped tn the 
previous study for the eurren, and future fRNs, appropr ate y ef^e ■ 
expected domestic research network requirements. Therefore, 
concluded that these original topology maps could be used as y 
were presented in the prevtous study, along with informatton on he 
networks outside of the United States and on the Un, ed S 

international links, to develop the new eurren. and uture » 
Hence it followed that changes would be made tn these ortg.n 1 
"po o y -PS only if the information on the international networ 
„d he United States* inter national links indicate changes were 


necessary. 
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' ■"Corporation of the current international research network 
ra ic ow m the description of the new current IRN, resulted in 

"O change in the original current IRN domestic topology map, but 
suggested a need to consolidate and improve the performance of United 

tates-international links (see Exhibit 1-17). Currently, there are 

some 77 l,„ks connecting the United States research networks to 
research networks in countries around the world. These links range 
rom .6 Kbps to 1.544 Mbps, and they connect a Tl backbone in the 
United States to research networks taround the world that have link 

speeds ranging from 1,2 Kbps to 64 Kbps. Currently, there are no 
direct United States links to Africa. 


OS, the current integrated domestic United States research 
network has a backbone link speed that is higher than the backbone 
ink speed of the various networks in other parts of the world 
Also, is higher than the typical link speed of links connecting 
.he United States to other parts of the world. Therefore, i, was 

cone uded that the original current IRN topology map did not have to 
be altered to incorporate current international network require- 
ments. Because there are a large number of international links it 
was suggested tha, consolidating the international links would save 

money jus. as integrating the networks in the United States would 
save money. 


In summary, the new current IRN topology map includes the 
o owing. the original current domestic topology map developed in 
he previous study, the 77 international links to six major areas of 
•be world; and the range of the typical link speeds of the backbones 
of the research networks in the countries in the six major areas. 

traff Th r, inCOrPOrati0 " ° f ,he Internationa, research network 

ic flows the descriptions of the new future | RN s, resulted in 
no changes tn the original future IRN domestic topology maps, but as 
for the new current IRN, suggested a need to consolidate and improve 

■ he performance of United States-interna.iona, links for each 
benchmark year. 
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A Consolidation of the e 

resulted in „ nly 10 .,„ ks States-, mernational links in 

networks to res t, '“"""""8 the United States research 

F h - h - 3rC ne,works 'n countries around the world (see 

Exhibit 1-18). In 1 90 1 t h^ r 1 ( 

Mh„, c ' are a " Projected to be I 544 

A„ J ,’7 f0r "" ,tat * » Mexico and Centra, /South 

links to A a : r PtCtCd ,0 bC 128 KbPS linkS and °"= ° r •■>» two 
As, a which ,s expected to be a 9.6 link. The ten links 

nnec, a T3/T, backbone in the United States to research networks 
Mbps" 1 C W ° rld th3t h3VC 1]nk $PeedS ranging fr ° m 96 Kbps t0 1544 


■ink speed 2 S ' a ‘ M '"“"h ^ a ‘ackbone 

IS Stl hlgh ' r ,ha ” the backbone link speed of the 
vartous networks in other parts of the world. Als0 ,, „ ° 

«,a„ ,he typical link speed of projected iinks for 'connecting Z 

I: I" Pf - — . „ was therefore concluded 

rtgtnal 1991 topology map does not have to be altered to 
incorporate Internationa, research network retirements. However 
-s also suggested that continual itnprovcntcnts arc needed 

States-international links to make certain the United States 

research networks have adenuate connectivity „ ilh research L a 
around the world ri,. * research networks 

. ' hC “ "nprovements were indicated by the increase 

above, the speeds of the United States-international links. 

in summary, the new ,991 IRN topology map includes the 
■ow.ng: ,he original ,991 domestic topology map developed in the 

prevtous study, the ,0 ,99, consolidated international ,i„ks to six 
ma J° r ureas of the world* anH r 

speeds of the h 1 8 ' ° f ‘ he ,ypical 1991 link 

the si m - " ,h ' r “ earCh n " WOrkS countries in 

ine six major areas. 


l 99 l) ll for'T' 0, " y 10 ‘ inkS *" P,0jCC,Cd (l " c as projected for 

L works in r ? 8 "" U " iKd S ' aUS — k * “ research 

countries around the world (see Exhibit 1 -| 9 , These 

■n s in 1996 are all projected to be 45 Mbps links except for two 

ea" h ‘expecTed 0 Th ^ *“ “ Aaia *«ch are 

expected to be 1.544 Mbps links. The ten link, 

c lcn unks connect a 
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EXHIBIT 1-18. The 1991 U.S. Integrated Research Network 
With International Links 











EUROPE 













backbone, ranging in link speeds from 45 Mbps 10 1 Gbp , 

United States to research networks around the world that 
speeds ranging from 9.6 Kbps to 45 Mbps. 

Thus the 1996 Uniled Stales research network has a backbone 

link speed .ha, is still higher Ihan the backbone link speed of the 

various networks in other parts of the world. Also, « '8 '< 

than the typical „nk speed of links connecting the Uniter States . 
other parts of the world. Therefore, as before for 1991, 
concluded that the original 1996 topology map does no, have to e 

altered ,0 incorporate international research network retirements. 
Again, however, il was also suggested .ha, continual tmprovements are 
needed in the United States-international links 10 make certatn 1 
United States research networks have adequate connectmty w. 
research networks around the world. And again, Ihese improvements 

were indicated by the increase, noted above, in the spee s 

United States-international links. 

summary, the new 1996 IRN topology map includes the 

following: the original .996 domestic topology map developed ,n .he 

previous study: the ,0 .996 consolidated international l.nks o s 

major areas of the world; and the range of the typtcal .996 lust 
speeds of the backbones of the research networks in the countrtes 

the six major areas. 

in the year 2000, the same 10 links are p.ojec.ed for connecting 
the United States research networks .0 research networks tn countrtes 
around the world (see Exhibit 1-20). However, these l.nks .n ye 

2000 are all projected to be 1 Gbps links except for two It 

Mexico and Central/South America and one to As.a w re ar 

expected ,0 be 45 Mbps links. The ten links connect a backbone, 
ranging in link speeds from 272 Mbps to 5 Gbps, in the United States 
research networks around the world .hat have link speeds rang.ng 

from 9.6 Kbps to 1 Gbps. 

Thus, the 2000 United States research network has a backbone 
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backbone link speed of the 
link speed that is still higher an higher 

various networks in o er United States to 

- - - - 

- - ^.r.r.rr..: 

be .o ; ug6estcd «o......« 

requirements. • Unite d statcs-intcrnational links to 

improvement^ ^ research networks have adequate 

make ccr networks around the world. And aga.n, 

connectivity with resea increase, noted above, in 

these improvements were indicated V 
the speeds of the United States-international link . 

the new year 2000 1RN topology map includes the 

summary, th new V ^ map developed ,n 

following: the or.g.na l y ^ internal i 0 „al links to six 

the previous study; the 2000 , ink 

nf the world; and the range of the typica 
major areas of th h networks in the countries in 

speeds of the backbones of the research 

the six major areas. 

,n,o the same 10 links are projected for connecting the 
In year 2010, the ch networks in countries 

United States research ^ As befor e, these links are 

around the world (see x h In vear 2010 they arc all 

expected to be operating at higher spec ^ ^ ^ Mexic0 and 

projected to be 5 Gbps link. J*cept ^ ^ ^ £xpected t0 be , 

Central/South America an on bac k b onc, ranging 

blinks. - r,he »- . 

research IXls Tound the world that have link speeds ranging from 
64 Kbps to 5 Gbps. 

the year 2010 United States research network ha 
Hence, the year 20 , he bac kbone link speed 

backbone link speed that is st.l h,g Als0 . „ is 

of the various networks ^ ^ ,he United 

higher than the typ.ca ^ Therefore, as before for year 

States to other parts o 
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2000 it was concluded that the original year 20.0 topo.ogy map docs 
nol 'have to be altered to incorporate Internationa, research network 
requirements. Again, it was a, so suggested that con unu 
improvements are needed in the United S.a.es-intcrnat.ona, 
make certain the United States research networks . have 
connectivity with research networks around the ^ ’ 

these improvements were indicated by the tncrease, noted above, 
the speeds of the United States-international links. 

in summary, the new year 20,0 IRN topology map ‘"eludes^ the 
following: the original year 20,0 demesne topology map ev 

the previous study; the ,0 consolidated . tnterna on I * » 

mai or areas o f HTT-l countries in 

speeds of the backbones of the researen 

the six major areas. 


1.4 RECOMMENDATIONS 


r zm rri:: “ s, T 

con borate in cooperative research endeavors regardless of the.r 
by “ea; locations. The researchers' needs Tor common, ca, . ons w, 
encompass accessing large data bases. Unking -PercomP-t- 
massively paralleled configuration, and present, ng 
wit h ever-increasing resolution and clartty to perm,, researcher 

overcome resource limitations. 

NASA needs to address several technology and policy lssues 
order to translate today's vision into wha, some esperts have cal.d 
H ■ Co, laboratory- of the future. Some specific recommenda.tons are 

I Support the development of the NREN which w.ll ,mprove network 
performance and ubiquity for researchers and educators. 
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2 . 

3. 


Support the consolidation of U.S.-international links, thereby 

increasing network performance and ubiquity worldwide 

Support the development of a worldwide research and education 

network (WREN), thereby improving research and educat.on 
worldwide. 


4. 


5. 


Support the further study of both po,icy and technical issues 
related to the implementing or the computer research 
initiatives already put forth by the White House and Congress 
Continue to examine its own computer research network 

requirements and to work to incorporate these needs in the 
development of the NREN. 
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SECTION 2 


THE INTERNATIONAL RESEARCH 
NETWORK COMMUNITY 


2.1 overview 


2.1.1 Purpose 

In this section the international research network community is 
described. This description was developed so that the major research 

networks, which are outside the United States and with which the 
United States research networks have or may have requirements 
interface, could be selected. Included in this desciption of the 
international research network community are three major summaries or 

outlines: a summary of the history of the development of the 

international research networks; a summary of the major organizations 

involved in the development and coordination of these networks; an 

outline of all the significant research networks outside the United 

States, and a summary of the gateways in the United States. 


2.1.2 Approach 

The development of the description of the international research 
network commnnity began with an initial review of the literature on 
international research networks. Selected books, articles and 
reports were reviewed to obtain information on the history, 
development and operation of such networks. This initial rev.ew 
helped structure interviews with leaders in the development of Untied 
States research networks. From the initial review and the 
interviews, preliminary information on international networks was 
developed, and contacts were identified. These new contacts were 
telephoned, and additional information on interna., onal research 

networks was obtained. 
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This information was aggregated and analyzed, and provides the 
asts for descrrbing the international research network community. 


2.2 HISTORY OF INTERNATIONAL RESEARCH NETWORK COMMUNITY 

The history of the development of research networks outside the 

ntted States ts summarized in this section. First, the similarity 

of the development of research networks in the United States with 

■ha. ,n other countries is noted. Next, the similarity of the United 

States development with that taking place on a mul.i-nation or 

worldw.de basts is discussed. Then, an overview of the early network 

cvclopment countries, which today are leaders in research 
networking, is presented. 

2.2.1 Network Development: United States & Other Countries 

Many of the events that occurred in the development of research 

“ 7 kS “ t Uni, ' d S “'“- — occurred or are occurring i„ , h e 

development of research networks outside the United States. In some 

countries, the events occurred in the same lime f 

in tne same time frame as in the 

Untied States; tn other cases, the events just now are taking place. 

For example, some countries have sponsored experimental 

nc w„ ks , lik . arpanet , whosc initia , purposc was t0 dcvc ;;; 

wor ,„ g technology, but whose development and use led to the 

opment of much larger general purpose research networks In 

ITpanTt"’ tMS SPODSOrSh,P ° CCU,red ab0U ' ,h ' — as the 

ARPANET sponsorship in ,„e United States, while in other countries 

such sponsorship is still in the planning stages. 

Another example of the similarity in the development of research 
networks tn the United States and in other countries pertains to the 
■ ta se tng of the value of such networks. All countries have 

DomnF C0 " vmce ’ ° r are “ ,he proccs! of trying to convince, 
potential sponsors and users of the immediate and long-range value of 
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developing research networks. 


Also, in some countries the proliferation of small networks 
followed by the need to consolidate networks has mirrored events in 

the United States. Once interest and need were obvious, networks 

developed to meet researchers’ needs in a geographically hunted area 
merged with and overlapped other networks. These events, as tn the 

United States, were stimulated by major technological advances and 

funding concerns, all of which lead to the need to consolidate 

research networks for reasons related to efficiency and 

effectiveness. 

The same policy and technological issues faced in the United 
States also have been, or are being, faced in other countries. As 

examples, issues related to access, coordination, funding, an 
standards have been problems for users and managers in other 

countries just as they have been in the United States. While the 
issues often have been similar, the responses and approaches to 

resolving the issues have varied by country. The differences in 

approaches have resulted partly because of cultural differences an 

partly because the approaches were implemented at different times, 
that is, approaches often reflected available technological 

capabilities and understanding. 

2.2.2 Network Development: United States & Worldwide Efforts 

The development process that was begun at the country level 
(eg as in the United States or the United Kingdom), is now being 
repeated at the continent level (e.g., Europe) and the worldwide 

level. The following discussion includes an example of the 
similarities of the United States network development process with 
those of continent-wide or worldwide efforts. 


In the United States, for example, networks have expanded and 
links to other networks have been established as the needs arose. 
Likewise, networks within a continent, for example Europe, and on 
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different continents (e.g., the United States and Europe) 
established interconnectivity as the needs arose. In both 
what has resulted frequently is a multiplicity of low speed 
whtch are too expensive. Again, in both cases, the corrective 
taken often has been to work towards consolidation. 


have 

cases, 

links, 

action 


hese actions have led or are leading nationwide, continent- 
id. and worldwide networks. Of particular interest for this study 
ts the similarity between the development of a nationwide backbone to 

be”ina T 0021 * na,i °° ^ deVCl0,>m '">. currently 

8 tscussed, of a worldwide backbone to connect nationwide 

T' “ b ° ,h “V •“ imProV ' ~ “<* -duce 

n t e ater case, a nation’s national research network 

*" ' ' NREN in ' he U " i « d States, would become a -regional- 
network in a worldwide network. 


2.2.3 Examples Of Early Network Development 

States?' TT deV ' l0Pmen ' iD fl " ““«« (excluding the United 
w tc are leaders in research network development is 

tscussed this section. These countries are: the United Kingdom 

ranee, Germany, Canada and Japan. Jus, as the ARPANET has been the' 

of T rch ~ <• - ^nar 

penmen,,, research networks have been the forerunners of research 

tTeT S m thC firSt f ° Ur C0UDtriCS listcd abovc - and have led to 
P nntng and development of national research networks. th e 

Japan, tts current nationwide research network has the dual 

Purposes of networking research and support for other research, but 

earlier networks were designed only for other research. 

2.2.3. 1 The United Kingdom 


The Untied Kingdom conducted some of the early work in 
experiment a, networks and now has a nationwide research network. One 

Nat o 'ph ICSt PaCke ' sw,tchl| i8 networks was implemented at the 
■onal Phystcal Laboratory (NPL, in the United Kingdom in 1968, 
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when .he ARPANET was built An international connection was 
es.abl.shed to CYCLADES in 1974 (See discussion below, „„ France, for 
description of CYCLADES). 


Initial planning for the Science and Engineering Research 
Council Network (SERCnet), the country's first major network for 
supporting other research, actually began back in 1966. This network 


progressed through several developmental phases with several names 
during the late 1960’s and early 1970’s and was established as a 
research network, named SERCnet, in 1977. SERCnet, jast as NSFNET in 
the United States, was designed to connect regional computer centers. 


A national research network, JANET (for Joint Academic Network), 
was formed in 1982, and SERCnet was integrated into JANET in 1984. 
Networks of other major national organizations (e.g., the Natural 
Environment Research Council) also merged with JANET. Because there 
was a single ultimate source of funding (i.e., the Department of 
Education and Science) for all of these early networks, the merging 
of all the networksdid not present much of a problem. This 

consolidation has led to increased connectivity, new services and 
reduced overall costs. 


2. 2.3.2 France 


In France, the CYCLADES network, implemented in the early 1970s, 
was designed to serve as a research network as well as a platform for 
supporting other research. CYCLADES, similar in many ways to the 
earlier ARPANET in the United States, was coordinated by what is now 
called the National Research Institute for Computer Science and 
Automation. The network became operational in 1973, grew slowly 
through the 1970 ’s because of budget constraints, underwent 
developmental changes, and established some international links. 
CYCLADES was phased out in 1981. This network, did, however, have a 
significant impact in France and internationally, on the development 
of network technology (e.g., the ISO-OSI model). 
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Two other French networks, developed relatively early, were RPC 
for Rcseau Communication par Paquet and COSAC for Communications Sans 
Connections. RPC played a major role in the evolution of X.25, and 
research was conducted on COSAC during the mid 1980s. 

As with the United Kingdom, these early networks efforts have 
led to the development of more advance research networks in France 
like REUNIR which is an acronym for Reseau des Universities et de la 

Recherche. 

2.2.3.3 Germany (the Federal Republic of Germany) 

Germany has contributed significantly to network development. 
One of its earlier networks, the Hahn-Meitner Institut (HMI) Network 
(HMI-NET) was established in Berlin during the mid to late 1970’s. 
HMI-NET, is similar to CYCLADES and ARPANET in that it has been an 
experimental network and has contributed to the development of a 
community of network experts. HMI-NET also has contributed directly 
to the development of Germany’s research networks, BERNET (a regional 
research network) and DFN (Deutsches Forchungsnetz), Germany’s 
national research network. In fact, one of the early developers of 
HMI-NET has recently proposed a continent-wide fiber optic network 
with speeds of 100 Mbps and more. 

2*2. 3. 4 Canada 

One of Canada’s earliest networks, the Defense Research 
Establishment Network (DREnet), also began as an ARPANET-like 
network. DREnet was begun in 1983 to link Defense Research 
Establishments in Ottawa, Ontario and Nova Scotia. Like the ARPANET, 
the DREnet is scheduled to be replaced by a more advanced network, 
the XDRENET. 

As in the United States, other networks, like CDNnet and 
NetNorth, were designed to support a variety of research, education 
and development activities. Currently, the Canadian National 
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, research network, ni m,lar 
„ cil is developing a national - ^ . backbone. 

Research Conn NSFNE T, it *•« have wiU integrate all 

- ’T rsr- — - — * — 

:::r z -;r 

CA’net (for Canadian Network). 

2.I.3.5 ->*0*“ , n , apan until the 

irh networking aCtlV ^ /MIT) an< ^ 

There was not «* * and Telephone (» 

privatisation of NiPP^ ^ p »h,ic telephone ^^^d 
corresponding d “‘*** rkiIli activity 10 J* ^"networks in Japan, 

SiDC '. ' p '"' Today, there are a »«* , TNET , CSNET, UUNET, 

significantly- tiop al networks (e*. 

and many of tne 
HBPHET) reach lapan. 

Th c oldest major ^^“J^The National Center for * ten 
a „ interuniversity networ cstab lished »» l987 ’ 

1981 as an m cSlS ) Network, est mter-University 

. n Systems (NA k t a connects 

information V Today NACS1S and glVCS 

zrzz z+~ - - js -- •— 

Computing vvide range of 

researchers access to 

supercomputers. jUNET which 

. nationwide research network in inforro ation 

T ” e ma l 0r „ 8 4 This network’s purpose . outside 

was begun m researchers and research m 

riiso • - e "" tonm£ 

japan. 11 

ne,WOrki ” 8 ' . encouraging implementation of 

the Japanese government is ^ i nter „ational links 

AlS0 ’ j is funding two new being developed m 

campus netW0TkS an and Europe. These ll ° kS Fou ndation, and 

to the United States National Seen 

rZZ :t operational i« .he car, — 
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U MAJO * ,NT£RNATI0NA '- 0 *GAN. 24noNS 
^ number of -• 

® u, ' d 'lines for '”' erna,io »< groups have be en . 

International oeewon/'""” 8 ' co °rd,u, tl „ r8an,2 "l lo reco mmed 

grou p ; :; rk ; 8 aC " Wl '« A bri ; g d , ; d —diking 
thai will directly e,p P ™ vid ' a perspective „„ T* ° f 3 sa *P'= 

« mm „ nity 1 "i Pact ,he international ° f forc « 

”"“'°r |t research 

2 31 C °“ rd, "*»»g Coumiit, ee F „ , 

** For '"'arcontin,.,., p 

One of ,h e . 

^a-a. ionm^rr- P'® a »ika.io„s ,ha, „ . 

Committee For .J*""* ”"»ork ac ,i V i t>r ' Dr °'" d “ Stance 
CC, RN. Which was , n v” , '° C ”' al *«“«* Neh l“ ' he C ° d ' d ina t ing 
Committee (Nacq, J,‘ 35 **« Necessary “* Tl >' 

,n 'l>e Spring of 19 jg 3 ,shcd in 1987 and held . ° C Coor <iinating 

rst meeting 

The purpose 0 f n,* ^ 

J ntcroperahu the CCI ^N is m r • . 

Su PP°rt o pcn ^ SCrvic « between par*- dcve,0 Pment 0 f 

management and technical issu^ SCh ° l8riy PUrsui <- Td”* t0 

h St ^ulate con SSUCS and «ims to- d,SCUss « Policy 

'-ooperativ^ 

enhanced intfm In tercontinenta/ 

J ' Optimiae use Jr’' ”"* , ° r,tio ® services. " by pr °">oring 

connections of fh ° rCS0Urcc s and COn ,w 
;• ^ mou ,he evo,:::;::::-^ - c ,n " r " at ' o " a ' 

c °ordjnat e develon P ,nternat ional resear k 

. o CVci °Pmcnr of re $earch netwnrir 

techniques. 0f Jnt ernational ‘ 

5 ' E3 - 3 - resets of networking r 

T „ Ma ' Ch 3 " d d 've,op me „,. 

i nc CCZRjv 

ap'""' deveioping" 1 a' rS ^ PreSent or 8o»i»,i„„s wj 

3bove - Initially v ‘voridwide network v u 33 ac '>'ve 

M -dorship „o,v'i„c^7- fr ° m ai, " ! 

d' 1 ’" na <ions, , lke . C3 ” 3da - a ” d invi,a,i ons h 3 " d £ur »Po. 
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nations interested in the aims noted above will eventually join. 
Examples of the types of organizations represented on the CCIRN are 
the following: United States— Federal Networking Council (FNC) 

which has replaced the Federal Research Internet Coordinating 
Committee (FRICC), Internet Activity Board and CSNET/BITNET; 
Europe— the Reseaux Assocics pour la Recherche Europeenne (RARE), 
(see description below); Canada — National Research Council. The 
CCIRN has two chairs: the chair of the FNC and the secretary General 

of RARE. 

There are a number of groups that have been formed at the 
continent and nation level and that provide representation on the 
CCIRN. There is a North American CCIRN (NACCIRN) which includes the 
United States and Canada. Other nations are being asked to join 
NACCIRN. In the United States, the NACCIRN provides representation 
on the CCIRN. In Canada, a Canadian Coordinating Committee on 
Research Networking (CCCRN) has been established, includes 
represntatives of the national networks, and provides representation 
on the CCIRN and the NACCIRN. There also is a EUROCCIRN which 
corrdinates European networking needs and provides representation on 
the CCIRN. 

2.3.2 Other Worldwide Organizations 

Three other important worldwide bodies are the International 
Standards Organization (ISO), the International Electrotechnical 
Commission (IEC), and the International Consultative Committee for 
Telephony and Telegraphy (CCITT). 

The ISO is the main international organization that handles 
networking issues and is composed of national standards bodies of 89 
member countries. The IEC is composed of technical experts and 
pursues activities complimentary to those of the ISO. The IEC 
handles electrical and electronic standards and the ISO handles 
everything else. 

The United Nations has several agencies that affect networking 
standards. The most notable is the CCITT. The CCITT is closely 
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associated with the national telephone companies and develops 
specifications of networking protocols and related standards. 


2.3.3 United States Organizations 


There are several groups in the United States which are working 
on coordinating United States/International connections. These 
include the United States Internet Activities Board (IAB) and the FNC 
Engineering Planning Group (FEPG). 

The IAB, recently reorganized, is responsible for Internet 
policy, standards, liaison, and facilities. The Internet Engineering 
Task Force (IETF) reports to the IAB and is responsible for host 
based services, Internet based services, network management, OSI 
interoperability, routing and user services. The Internet Research 
Task Force (IRTF) also reports to the IAB and is responsible for 
coordinating various network research activities. The IAB has 
liaison activities with, e.g., the FNC, the CCIRN, and RARE 
(discussed below). 


The FNC Engineering Planning Group (FEPG) was set up to assist 
the FNC in translating its policy goals into implementable technical 
programs. It currently is developing a policy for United States 
international connections. 


2.3.4 European Organizations 


Three major European organizations concerned 
connectivity are the European Conference 
Telecommunications Administrations, the CEPT, 
Collaboration Board (ICB), and the Reseaux Associes 
Europeenne (RARE). 


with international 
of Postal and 
the International 
pour la Recherche 


The CEPT is the European equivalent of the CCITT. Many of the 
individuals who belong to the CCIRN also belong to the ICB. The ICB 

a European group that has been concerned primarily with the 
planning of a worldwide backbone. 
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RARE, is an association of European research network managers 
and users. Its purpose is to promote network services, w,th a 
special emphasis on international connectivity, for the research 
community in European countries. RARE is a membership organ.aat.on 
funded by dues from its national members. There are a number o 
memberships types. For example, full national members are na.tona, 

academic and research network organizations (one per country). 

Recently, talks were held between RARE and managers of the 
existing European continental networks EARN, EUnet, and HEPnet abou 
the use of a common infrastructure. The networks and RARE agreed in 
principle, but there was some disagreement with the PTTs about 
charging. Also, these networks do not use ,h. ISO-OSI protocols and 

make significant use of leased lines rather than the PTT Publ.c Data 
Networks (PDNs). Consequently, it is uncertain whether these 

networks will be replaced by a new ISO-OSI network or be converted to 
become a part of it. Also, RARE considers interconnect.on with t e 
United States a problem, because NSFNET uses TCP/IP protocol, and 
RARE considers TCP/IP to be a short-term solution to protocols for 

high-speed networks. 


2.3.5 Other Nations - Japan As An Example 


Most other nations involved in developing research networks also 
have coordinating and planning bodies. While these vary from country 
to country, a brief discussion of one country will help prov.de a 
perspective on other such national coordinating bodies. 

In Japan, the Ministry of Posts and Telecommunications (MPT) 
oversees all telecommunications policy in Japan and performs many of 
the functions performed by the FRICC and the FCC in the Un.ted 
States. Also in Japan, the Interoperability Technology Assoc.at.on 
for Information Processing (INTAP) is a nonprofit research and 
development group established by the Ministry of Internat.onal Trade 
and industry to promote the development of interoperab.l.ty 
technology for information processing. For example, the INTAP is 
interested in implementing ISO-OSI protocols and standards. 
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2 4 OVERVIEW OF RESEARCH NETWORKS 

As noted, in the discussion of the histnrv „r • 

research networks outside of the United Statel there 

variety of research networks throughout the world Also the 3 
nations are at different .»« A so ’ thc vanous 

A - a, read, ZZZZ ZZ'ZZTjLZ 

T:z:\r op •* nm ~~ ~ 

the status Of research networks and a list of „ 
networks are presented Fn tu- f rrent research 

into seven categories d A ” PUrP ° SC ’ nctW0rks a « categorized 

-work (See ExhLtt.r “ P °" ‘ h ' 8 '° 8rlPh,Ca ' “““ «*• 

-wjr ::::: lis,ed ' if ,hey have * ~ 

continent-wide networks If ■ °° °"‘ ° f ' h ' W ° rld "’ ide or 

networks. if a nation is not listrrf h-i 

"Oted in the discussion of status of rese. t, " 

The category -North Arne • ' C " "" W ° rkS id >»' area. 

research networks „ ,t °°’ inC ' Ud ' * h ' U " ittd **»S the 

study (US Research Net k ‘" r d ° C “' n '” ttd id a previous 

NAS3-25083 Task Order 2 n * NASA StUdy Cd "'ract 

’ lask ° rdcr 2, December, 1989) T hu ~ 

-a referred to, throughout this report, and, when 7T T\ "" 

“ Wi " * -'" d - Cutest tc Research Network S "dy * 

The international research networks tie 

not in the United States) are listed below ” This TT^ 
identify the signifi cant research nctworks ^ “ 

Section 3. that arc de scnbed in 

2.4.1 Worldwide Networks 


There are a number of networks whose funding and mw ■ 

“ dcccntra lized, whose connections are worldwide and 

inClUd “ faci,iratid * research. These networks are- ’ PUrP ° Se 

BITNET 

CSNET 
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EXHIBIT 2-1. Network Categories 


Network C ategory 
Worldwide 


t^eograp h'ffl 1 Scope 
Multi-Continent 


North America 


Europe 


Asia 


Australia/Pacific 

Central & South 
America 

Africa 


Canada. 

Mexico 


Continent-wide; Multi-nation; France, 
Germany and United Kingdom; Austria, 
Denmark, Finland, Greece, Ireland, Italy, 
Netherlands, Norway, Soviet Union, Spain, 
Sweden; Switzerland; Yugoslavia. 


Multi-nation; Japan; 
Israel, Hong Kong, 
Thailand. 


India, Indonesia* 
Korea, Malaysia, 


Multi-nation; Australia, New Zealand. 


Multi-nation. 


Multi-nation; Egypt, Tunisia. 
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USENET 

UUCP Network. 
UUNET 

fidonet 


2.4.2 North America 
2.4.2.I Canada 


notea 


network development, Canada has a numZ “f intCrnati0nal rcscarch 
research networks. They are: F ° nat,0nal and regional 

AHEN (Alberta Higher Education Network) 

BCnet (British Columbia Network) 

CDNnet (Canada Network) 

llTZirr R “ earch , " s,i,u,e ° f 

NetNol “' arCh 

CA net (Canadian Research Network) 

Onet (Ontario Network) 

2.4.2. 2 Mexico 


Mexico has been develnmnr, * 

join .he Naccirn. These two „e, works 7,77 ^ * P ‘ anning ,0 

UNAM Neiw'orMN ES,UdiM *»“"•» "".work 

AM Network (National University of Mexico Network) 

2,4*3 Europe 

served the continent of Europe, aSS ° Cia,ions that »*ve 

continent-wide networks A P S arc hsted be| ow under 

Network (EIN) was a' midT^ netW ° rk ’ ^ EUr ° PCan Info -atics 
research network " eCTJT* “ P ' PVid ‘ ' 
examples of networks that serve several nations^ are 
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Many nations in Europe do not have their own research networks. 
Iceland, Luxemberg and Portugal only have hosts on EUnet, and Turkey 
only has a host on EARN. There have been very few network 
connections to the Soviet Union or the Eastern European countries. 
Also, these countries, except for the Soviet Union, don’t tend to 
have their own networks. Bulgaria, Czechoslovakia, the Democratic 
Republic of Germany, Hungary and Poland all have connections to the 
multi-nation network, IASnet. There are no known systems in Albania 

or Romania. The following is a list of the research networks in 
Europe. 

2.4*3. 1 Continent- Wide Networks 

Ean Europe 

EARN (European Academic Research Network) 

EUnet (European UNIX Network) 

HEPNET Europe 

RIPE (Reseau IP Europeen) Network 

2. 4. 3. 2 Multi-Nation Networks 
NORDUnet (for Nordic countries) 

IASnet (for Socialist countries) 

2. 4. 3.3 France 

ARISTOTE( Means: Association of Information Networks in a 
Completely Open and Very Elaborate System) 

CYCLADES 

FNET (French Nertwork) 

PHYNET (Physicists Network) 

REUNIR (Networks of Universities & Research) 

RPC (Reseau Communication par Paquet) Network 
SMARTIX 

2.4.3.4 Germany 

AGFNET (Association of National Research Centers Network) 

BELWU (In Baden-Wurttemberg) 

BERNET (Berlin Network) 
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DFN Network (Deutsches Forschungs Netz Network) 
H MI-NET (Hahn-Meitner Institute Network) 


2.4.3.5 United Kingdom 

JANET (Joint Academic Network) 

NPL Network (National Physical Laboratory Network) 
SERCnet (Science and Engineering Research Council Network) 
Starlink Network 

UKnet (United Kingdom UNIX Network) 


2.4.3.6 Austria 

ACONET (Academic Computer Network) 


2.4.3.7 Denmark 

DENet (Danish Ethernet Network) 
DKNet (Denmark Network) 


2.4.3.8 Finland 

FUNET (Finish University Network) 


2.4.3.9 Greece 
ADRIADNE 


2.4.3.10 Ireland 

HEANET (Higher Education Authority Network) 


EuroKom 


2.4.3.11 Italy 

INFNET (Instituto Nazionale Fisica Nucleare Network) 


2.4.3.12 Netherlands 
SURFnet 


2.4.3.13 Norway 
UNINETT 
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2.4.3.14 Soviet Union 
Academnet 
Adonis 

ANAS (Administrative Network of 


Academy of Sciences) 


2.4.3.15 Spain 
Enet 
Ean 

2.4.3.16 Sweden 

SUNET (Swedish University Network) 

2.4.3.17 Switzerland 
SWITCH 

2.4.3.18 Yugoslavia 

sis (Social information System) Network 


2.4.4 Asia 

in japan and Korea, there ar Thailand . The other countries 

India, Indonesia, Hrae! Malays^ an ^ multi -nation networks or 

either have only connections to wor 
no system at all. 

• r rhina has several connections to the 
The People’s ^public * ^ ^ Gcrffiany; a UUC P link to 

rest of the world: a CSN Vienna, Austria. Singapore 

HARNET in Hong Kong; a 1200 bps i |he Republic of 

got the first BITNET nobe in ^ ^ apppa[S t0 

China, has connections to o p . nps and in S ri Lanka. Cyprus 

be AUSEAnet connections in t tion lASnet. There are 

is an EARN member. MonsoUa has ajonnect,^ ^ ^ 

PD Ns in Bahrain, Iran, Qatar, » ' ^ Bandladesh, Nepa. 

There are CONET (see Africa 
and Sri Lanka. 
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tzz s, zz t ci< cambodia ' the 

L ">«o„. Myanmar, Oman, Syri ; “ J'2' n D ’ - — • UO, 

l 4A I Multi-Nation Networks 

AUSEoet (Association of South East 4 .- 

WLFNET (Kuwait * Saudi Arabia, N ' ,W ° rk > 

PACNET (Pacific and Asian Academic Network, 

2-4.4.2 Japan 
JUNET 

Kogaku-bu LAN 

NACSIS (National Center fnr c • 

N -l C, ' nCe In P° rm ation Systems, Network 

Sigma 


Z 4 4 3 Hong Kong 

HARNET (Hong Kong Academic 


and Research Network) 


2.4.4.4 


India 


ERNET T (Ed a,i0 ° al '” f ° rmatiC! Cc " tre Network) 
ET (Educatton * Research Network) 


2.4.4.S Indonesia 
UNlnet 


2.4. 4.6 Israel 

ILAN (Israeli Academic Network, 

2 - 4 -<-7 Korea 

KREONet (Korea Research f 

SDN (System Development Ne^kT'”' ° P '° N “’"‘ ) 


2.4.4.S Malaysia 

RangKom (Rangkaian Komputer 


Malaysia) 


p age 2-18 


24 . 4.9 


Thailand 

CSnet (Thai Computer 


2 ’ 4,5 Aus f«lia/Paci 


Science Nerwork) 


cific 


- «. arM and b 
'tnportant research networks ’ b °' h 

2 . 4 . 5.1 - 


M.W-N.U.. Networks 
'"ACCOM (Pacific 

SPEARNET ,c . 8 "''work) 

" th Pacifl ' Educational 4 d 

A CSnet ° Sr,pluc Network) 

Qn " e ‘ 'Queensland Tertiarv . • 

V 'CN E T ( v,c,or,anc 0 ,le 8 e J nc~ ,,N '' WOrk) 

New Zealand 

DSIR ”“ (D 'P'- of Scientific 4 ind • 

d ‘ ,Stna ' R ' !Mr 'l> Network) 

i. _ 


2 ' 4 <i ' C " ,r *' 4 South America 


The situation i n r> m , 

ASJa fecial iy Southeast a ^ S ° Uth America « similar to 
networking, 5uf f . *"* Asia > There ig a p t0 that * 

Puerto R ico has a „ 

ri; c ;z:°; p ~° - ^ t,:: ; f F,doN - — 

connection fn Columbia rtn* 

cr;r »- *■ -xr, r is ■ 

— rr * m 

There arc no t 30 d industry and „ '««"!> 

"° W ” ""«* Beliac, B'ZZT ' ab ° m ° ri «- 
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Peru Surinam, Uruguay, 

r- -ana Guyana, Paraguay, 

French Guiana, 

Venezuela. 

246 1 Multi-Nation Networks 

CARINET Research * Training Cenrer 

CATIENET(Tropical & 


747 Africa 

Z **‘ r. • There is onc 

very few major networks in A n one main 

There are V a nd Xon isia each 

multi-nation network, and EgyP 

”" V '° rk ' . , Nige , each have connections 

Ethiopia, the ivory Coast, * ^occo each has an EARN 

,0 CGNET. Algeria, the Ivory^ ^ net „ork. Kenya is 
connection. Senegal has a Afr ica apparently has i 

. PeaceNe, typo few , as repuests to connect to 

networks, but externa. and b.TNET) have been turne 

-»« ^‘tnZl netwmbs in Cameroon, Ubya or Nigetta. 
down. There are no kno 

2.4.7.1 Mu.,i-N.«io. Network ^ 

CGNET (Consultative Gro P 

2.4.7 .2 Egypt . , science and Technology Information 

ENSTINETfEgyptian Nat.ona 
Network) 


2.4.7.3 Tunisia 
Afrimail 


2 . 5 UNITED STATES GATEWAYS 


The U 


nited States ter 


res, rial and satellite internationa 
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gateways are summarized briefly in this section. This information is 

presented here to provide a perspective for understanding subsequent 
discussions of United States-international network links and 
international connectivity requirements. 

2.5.1 Cable - Terrestrial Gateways 

The cable systems listed below are those that currently are 

active and that land on the U.S. mainland. If a system is fiber, 

fiber is written in parentheses after the sytem’s name. New fiber 

systems are either being planned or arc under construction in both 
the Pacific and the Atlantic oceans. 


SYSTEM 

IT S. LANDFALL 

TAT5 

Greenhill, RI 

TAT6 

Greenhill, RI 

TAT7 

Tuckerton, NJ 

TAT8 (Fiber) 

Tuckerton, NJ 

TAT9 (Fiber) 

Manahawkin, NJ (Oct., 1991) 

St. Thomas 2 

Jacksonville Beach, FL 

St. Thomas 3 

Vero Beach, FL 

Florida-Bahamas 

West Palm Beach, FL 

TCS1 

West Palm Beach, FL 

HAW2 

San Luis Obispo, CA 

HAW3 

San Luis Obispo, CA 

HAW4 

Pt. Arena, CA 

PTAT (Fiber) 

Mansaquan, NJ 

TPacific 4 

Pt. Arena, CA 

TPC 3 

Makaha, HA 


2.5.2 Satellite Gateways 

There are an estimated 118 United States international earth 
stations. About 50 percent of these are located on the East Coast, 
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about 30 percent on the West Coast, and the remainder throughout the 
United States. The purposes of these earth stations include: 

general purpose international, international business service, 
international data records, and non-standard general purpose. The 

uplink and downlink frequencies of these earth stations are 6/4 GHz 
and 14/11 GHz. 

2.6 SUMMARY 

The history of the international research network community is 
similar, in many ways, to the history of research networks in the 
United States. At the country level, some nations have sponsored 

experimental networks like the ARPANET in the United States, most 
nations have had to work to sell the value of research networks, and 

all are facing similar policy and technological issues. At both the 

country and the international level, a variety of networks have been 

developed, inter-network links have been established as the need 
arose, and the need to consolidate and coordinate efforts has 


A number of organisations have been formed to recommend and to 
implement guidelines for planning, coordinating, and standardizing 
international networking activities. The most important 
organisations are: CCIRN, ISO, CCITT, IAB, FRICC FEPG, ICB and 

RARE. The general purposes of all of these organisations are to 
improve services, increase connectivity, and reduce costs related to 

developing and maintaining research networks throughout the world. 

In this description of the international research network 
community, networks were identified for the following areas- 
Worldwide, North America, Europe, Asia, Australia/Pacific, Central 
and South America and Africa. There are a wide variety of research 
networks throughout these areas. Also, the various nations are a. 

different stages in the development of such networks. A few already 
have nationwide research networks, while many are just beginning to 

develop their first research network. Also, a good number of 
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countries have little or no networking activity. 


Ab0 „ 8 o ’° tcn,iaiiy j‘ ,nif ; c ;; u , t 

" rr:i »r a bou , • 

national networks, advance networks, as 

continent-wide or world ^ industrializcd coun tries, e.g., 

expected, are in United Kingdom. Asia, Central 

Canada, Prance, Germany,^* ^ " in network development, 
and South America and Africa 
but interest is growing in these areas. 

• i „n/i satellite international 
The United States terrestrial and satellite 

■ briefly to provide a perspective 

gateways were sumn.ar.aed br.efly » sutes . interoational 

understanding subsequent d.scuas.nns reqoircments . Some 

network links and internat.onal connect, y 

twelve cable systems and 118 earth stations were noted. 

,. „,i research network community 
This information on the international research n 

. to select and describe research networks outside the 
was used to select anu for connectivity 

::: r 

presented in the following sections. 
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SECTION 3 


description of selected international 


RESEARCH NETWORKS 


3.1 OVERVIEW 

3.1.1 Purpose 

,his Section, many of the international research networks 

? are selected and described. The intent 
identified in Sec, ton 2 « - res earch network development 

,o present a picture of United 

around the world, so that the current and f are ^ 

States/.”' ernationa, " .^national research networks. 

The descriptions of the selecte reS earch 

al0 „ 8 with information from used t0 

networks and from other leaders in . The 

•r current United States/international link . 
identify current Unite ^ currcnt an d future 

rrj'^v. 

•ii he* used to estimate current and futur 
W1 i ff- flow This section includes a brief summary o 

international traffic flo . networks and 

the approach used to select the international research 

the descriptions of the individual networks. 


.1.2 Approach 

To accomplish the aforementioned purpose, the completion of two 

■ activities was required: selecting the networks and then 

na,or is explained in the 

describing the network^ The selec^^ ^ sc , ectcd . 

describing 'Them* involved collecting additional information drafting 
summaries of network information, and ~^ e ^ ed ^ i0B . I 
summary descriptions. Information o with 

networks was collected through interviews and telepho 

research network leaders and managers. 
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3.2 SELECTION OF INTERNATIONAL RESEARCH 
3.2.1 Selection Criteria 


networks 


Since the major intent was to present 
research network development around the world” a ^ ^ ^ ^ 
Picture uf a wide variety of ne , work J ^ 

Therefore, the criteria used to select the • * d '''eloped. 

networks, had to result in the • international research 

»- n.cuients as si, <1 . ^ ^ « 

connectivity. Consequently, a network wasl” 8 '' ''” k SP ' ed ’ 

•1= network was avai.ab.e and if i, 1,1 * 

criteria: ° r morc °f the following 

1- It is a major worldwide network. 

2 - It is a major multi-nation network. 

3 - It is the only multi-nation network «„ • 

world. SCrVing a rc gion of the 

4 ' It is a major national network. 

5. It is the only national network for a country. 

Mtionwide, network.'* “ “ adVa "“ d r ' 8,0na, (i " «>™™l to 

" am °” 8 na "°" S ' “ * " - “ imPcrtant 

8- It has an international link with the United States. 

3.2.2 List Of Networks Selected 

The application of thp» • 

selection of mos t of the net k ^ rCSU,ted in the 

networks are listed in Exhibit 3J . " SeC,, ° n Z T 1«e 

the following seven areas of the world- W o1 ""“’° rl<S rc ‘ ,res ' n ' 
Europe, Asia, Australia/Pacific Cent l ' N ° r ' h America - 

Africa. a total of eiahtv f ■ ^ a ° d S ° UIh America - and 

— - on ,he fire rr ~ — - ■» 

area of the world, starting with Worldwide 7ZZ * 

llese eighty-four networks is suuimariaed a. the end of Section , °” 
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EXHIBIT 3-1. International Research Networks 


Location 


Network 


WORLDWIDE BITNET 

CSNET 

USENET 

UUCP 

UUNET 

FIDONET 

NORTH AMERICA 

(U.S. nfit included) 

CANADA DREnet 

CDNnet 

NetNorth 

CA’net 

AHEN 

BCnet 

CRIM 

Onet 

MEXICO ITESM 

UN AM 


EUROPE 

CONTINENT-WIDE EUnet 

EARN 

HEPnet 

Ean 

RIPE 


MULTI-NATION IASnet 

NORDUnet 


FRANCE CYCLADES 

FNET 

ARISTOTE 

SMARTIX 

PHYNET 

REUNIR 


GERMANY 


HMI-NET 

DFN 

AGFNET 

BERNET 

BELWU 


UNITED KINGDOM NPL 

SERCnet 

JANET 

Starlink 

UKnct 

OTHER EUROPE 

AUSTRIA ACONET 
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EXHIBIT 3-1. International Research Networks 

(Continued) 


Location 

DENMARK 

FINLAND 

ICELAND 

IRELAND 

ITALY 

NETHERLANDS 
NORWAY 
SOVIET UNION 

SPAIN 

SWEDEN 

SWITZERLAND 

YUGOSLAVIA 

ASIA 

MULTI-NATION 

JAPAN 

Hong Kong 

INDIA 

INDONESIA 

ISRAEL 

KOREA 


Network 

DENct 

FUNET 

EUNET 

HEANET 

EuroKom 

INFNET 

SURFnet 

UNINETT 

Academnct 

Adonis 

ANAS 

Enet 

Ean 

SUNET 

SWITCH 

SIS 

AUSEAnet 

GULFnet 

PACNET 

N-l 

NACSIS 

JUNET 

Kogaku-bu LAN 
Sigma 

HARNET 

NICNET 

UNInet 

ILAN 

KREONet/SDN 

RangKom 


MALAYSIA 
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3.3.3 USENET 


USENET, which means "User’s Network," is one of the oldest and 
largest networks. It began in 1979 and one of its goals has been to 

give every UNIX-based system the opportunity to join and benefit from 
a computer network. Today it has over a half million users in 17 

countries on five continents (i.e.. North and South America, Europe, 
Asia, and Australia). Any one can join, and it is very 

decentralized. The two most common protocols used are UUCP and News 
Transfer Protocol (NTP). USENET has only one basic service, "news," 
and is sometimes called netnews. The news at each site is under the 

control of the site administrator, but there are no strict rules 
about user access to the USENET. There is no central funding source, 
and each host pays for its own transmission costs. Most of its 

backbone links run at about 11 Kbps. 


3.3.4 UUCP NETWORK 


UUCP (Which is an acronym for UNIX .0 UNIX Copy Program) Network 
is one of the oldest dial-up networks in the world. It began .n 
,978. It extends throughout the world and mostly connects machmes 

that run the UNIX operating system. There are probably more than a 
million users on the network making it one of the largest. The UUCP 
protocol is used, and mail is the only service provided throughout 
the world UUCP is very decentralized and has no central authority 
that determines access. Its topology varies from almost random 

connections in North America to near tree structure on other 
continents. The speed of its links vary from 1200 bps to II Kbps, 
with 2400 bps most common. 


3.3.5 UUNET 

UUNET is a subscription network service for users on UUCP 
USENET UUNET offers access through X.25, dial-up and public data 
networks' It provides quick transfer of mail and news among the 
hosts on UUCP and USENET and provides a European connection (via 
EUnet) to the Internet. UUNET is administered from Falls Church 
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"rr iir ,,,rou8h iTOA ~ — - - 

connection chargee and a flat monthly JT'dm Char ®' d 

1200 bPS to .1 Kbps. Plaos for ’ * P SP “ dS ra " 8 ' fTOm 

underway. cxpand.ng this service are 

3.3.6 FIDONET 


FIDONET, named for a computer, began in 1983 aT ,H 
connect IBM PCs or compatibles running MS-DOS Th ^ “ 

throughout the world and is a m J ^ „ T* 

““ “—« • areas. Most nodes ar n 7' ^ 

a"d Europe. „ uses the Pido protocol which is a S ' a " S 

and its major services are mail and co„r ■ “ P Pr ° ,0Co1 ’ 

over 6000 nodes throughout the . 0 ^ F ' D ° NET 

long-distance lings with high traPHc volume is ,1 ^ 

many lower volume links with a Kbps; ,here are 

network „ administered by the ^ ^ 

various levels of its routine , • thc nodes at the 

Association also provides assistance. ^ ^ lDtCrnational F ^oNet 


3.4 NETWORKS IN NORTH AMERICA 

major research networks in CaTar^^'icl” U " i " d S ' a " S ' inCll,d ' 
3-4.1 Networks In Canada 

noted in Section 2 ^f T 10 ™ 1 . a " d rC8i ° naI rescarch networks. As 
ARPANET-like network. olcT^kc^Dm *** “ “ 

designed to support a variety of research aDd NCtN ° rth ’ Were 

activities. Currently the r h- “cation and development 

*■— . . ~r — * — » 

W 'H integrate these networks tha, ’ ‘ he NSFNET ’ "-at 

networks that support research activities. The 
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EXHIBIT 3-1. International Research Networks 

(Continued) 

Network 

Location 


ASIA - Continued 
THAILAND 

TCSnet 

australia/pacific 

MULTI-NATION 

paccom 

SPEARNET 

AUSTRALIA 

ACSnet 

ABN 

QTInet 

VICNET 

AARNet 

NEW ZEALAND 

DSIRnet 

CENTRAL & SOUTH AMERICA 
multi-nation 

CARINET 

CATIENET 

AFRICA 

MULTI-NATION 

CGNET 


ENTSTINET 

EGYPT 


Afrimail 

TUNISIA 


• • /if ih/»;e networks link speeds are 

n the following desc: r\P“ ons ° ds often are indicated in terms 
toted. Internationa in United States. For examples, in 

lifferent from those used in 96 Kbps a s in the United 

Europe 11 Kbps is often used rather th Mbps. when 

States, and 2 Mbps is typic h 0 f t he international network 

link speeds are ‘^^^^dJfgnation used in the particular 

X Is aXcU S3 

f wTh a for C cLs h or as" domestic networks, a designate 

7he as. designation) of link speeds is used. 
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3 3 WORLDWIDE NETWORKS 

There are a number of network* r 

is decentralized, whose connections Und,n8 a ” d adm ' nis 'rat.oi 

includes faei„,atin g research E W ° r,dWid '’ a " d ^ P “™ 

BITNET, CSNET, USENET UUCP N * ° f " C,WOrks 

MET, UUCP Network, UUNET and FIDONET. 

3.3.1 BITNET 

* S 3 cooperative network u,k • k 

hosts at nearly 1000 sites in 35 . SCrVCS more than 2300 

network are: countries. The main parts of the 

2 IT”:* thC UDitCd Sta '«> Mexico and Chile. 

‘ NetNorth in Canada. 

3. earn in Europe with hosts in countries. 

The major ser^cT TncluT’ S,n8aPOre ’ TaiWan and Korca - 

^eed is typicaIIy 96 e K ^ tr0 -;- and transfer. , ts 

connections throughout the world in , ’ ** indicated ab ove, has 

^ance, Germany, Japan, Ma , a ’ " ,ng . d,rect ,inks to Canada, 
Mexico, and Puerto R ico . i t has ’ , Afabia ’ BraziJ » Chile, 

with CSNET. recently merged in the United States 

3-3.2 CSNET 


development i„ computer sconce 113 ! d"" UciUt2,e r ' s “^h and 
USCS 3 variety of protocols, a„d **“ •« 

supported on all part, of CSNET WhiIe ' “ ,he onl >' service 

United States and Canada, i, has 2 ne ' W ° rk “ m ° S,,y in tl > £ 

affiliates in Australia, ^ £ * -—Iona, members and 

Korea, New Zealand, Sweden, Switzerland L " y ’ ,sra£l ’ •'span. 

People’s Republic of China t, ' U ”' t£d Kingdom and the 

“NET uses dial-up , inks and ga ^" « Kbps, 

NSFNET). AS noted above i, ha, ““ ° ,hcr " c,work s «•!. 

00Ve ’ a has merged with BITNET. 
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network is called CA’nct. 
CRIM, and Onet. 


Regional networks include: AHEN, BCnet 


3.4.1. 1 DREnet 

The Defense Research Establishment Network (DREnet) is a group 
of networks that link the sites and systems involved in research for 
the Canadian Department of National Defense. DREnet began in 1983 as 
an ARPANET like network linking Defense Research Establishments m 
Ottawa, Ontario and Nova Scotia. There are nine DREnet sues, II 
networks and about 45 hosts. The DREnet is scheduled to be rented 
and its sties will join the relatively new XDRENET. XDRENET uses 
TCP/IP over an X.25 PDN, and will have link speeds up to 64 Kbps. 


3.4.1.2 CDNnet 

CDNnet (CDN is an abbreviation for Canada) was designed to 
provide network services to the Canadian research, education, and 
advanced development community. Any organiaation, including 
universities, corporations, nonprofit organisations and government 
agencies, involved in research or education can join the network. It 

became operational in 1983 and is administered by CDNnet headquarters 
a, the University of British Columbia. Small organizations usually 
have one link to the headquarters, while larger organizations have 
connections to the headquarters and other organizations. The network 
has an estimated 175 hosts at some 32 institutions. 

The X.400 protocol is used for message handling service, and 
mail is the basic application service provided. Most long-haul links 
are 2400 bps, although the links vary from 1200 bps to 19.2 Kbps. A 
19 2 Kbps link connects the network to the NSFNET backbone in the 
United States, at Seattle, WA. There are also interconnections with 
CSNET, BITNET and USENET. Funding has come from membership dues and 

government grants. 
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3.4.1.3 NetNorth 


N 'tNorth, which became operational in 1983 and which is 
admm, stored by the Ne.North Consortium, was designed using the same 

the °°° 8y a ° d S ° me ° f ' he Same b3Sic assum P,ions used by BITNET in 
nite States. Link speeds range from 2400 bps to 9 6 Kbps 

There ts a direct 9, Kbps link to BITNET in the Unld States 

Ny ” V T y °, f GU '' Ph ^ 0 "‘ ari ° COr "'" U " iVerSi ' y a > Ithaaa . 

roposa to change this connection to a 56 Kbps link f 
Toronto to Cornel, is being implemented. Such a link „o d 
both BITNET and NSFNET users. 


3.4,1. 4 CA’net 


new Na,i °° al ReMarCh Council (NRC, in Canada is developing a 
new nationwide network CA’net tk- ® 

.. ’ CA nct Thls network will provide a 

transcontinental leased line K^iek. F ' a 

and will provide ** COnncct,ng rc «ional networks 

::r a^:rc: r r ,ins canadiaa 

levels like NSFNET: a backbone 

— development is' 

Z7L Z 'tcp/ip KbP$ a ” d U44 MbPS ,iaks » a " a « 
'« migrating ISO/OS, pro, “ “ a " d " ’' a " a 


o,o bei„g fU pro r vid 8 ed ‘VnT^' inC,Udi ” 8 ra ” 0 '' 

5 provided. The user population is 
30,000 users at so • expected to reach about 

’ at 80 institutions, by the early 199ns M *n 

being directed hv o . V ° S ‘ Man agement is 

s irectea by a consortium of users a 

participants It • *' Providers and other 

a service network, it will also support network development. ‘ ^ Prim8n,y 

3.4.1.5 REGIONALS 


The Alberta Higher Education Network, 
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AHEN, connects a variety 



of organizations in Alberta, including school boards, hospitals, and 
oil exploration companies. This is a relatively small network that 
uses low-speed links. A proposal for a high-speed network (i.e., 
1.544 Mbps) has been made. 

The British Columbia network, or BCnet, is a regional network 

headquartered at the University of British Columbia. It supports 
TCP/IP, DECNET and X.25 protocols, and its link speeds range from 9.6 
Kbps to 1.544 Mbps. It has a 19.2 Kbps connection to the NSFNET 
backbone at the University of Washington. 

The Computer Research Institute of Montreal (CRIM) Network was 
developed in the mid 1980s and is a metropolitan 56 Kbps star 

network. CRIM uses DECNET and connects various local area networks 
at universities in the Montreal area. There are plans to expand CRIM 
and to connect it to the new CA’net. 

The Ontario Network, Onet, connects the campus networks of six 
universities in Ontario. It is a TCP/IP network which provides 
access to a Cray supercomputer. The links are typically 19.2 Kbps 
leased lines. However, there is a 56 Kbps link from Toronto to the 
NSFNET backbone at Cornell. It is expected that Onet will be an 

NRCnet regional. 

3.4.2 Networks In Mexico 

Mexico has two major networks, the ITESM network, named for the 
Institute de Estudioe Superiors de Monterrey, or the Monterrey 

Technological Institute of Higher Education, and the UNAM network, 
named for the Universidad Nacional Autonomidad de Mexico (the 
national university in Mexico City). The networks, which began in 
,987, are linked together by a link from a UNAM site in Mexico City 

to an ITESM site in Monterrey. University sites are connected to 
each other via 9.6 Kbps leased lines, the public X.25 network, or 56 
Kbps satellite links. There is a leased line to THEnet in the United 
States. Also, plans for two satellite links to NSFNET, via NCAR, are 
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being implemented; a 64 Kbps link to Monterrey and a 64 Kbps link to 
Antizapan are planned. 


3.5 NETWORKS IN EUROPE 


There are several widely used 
the continent of Europe. Five 
continent-wide networks. Another 
Network (EIN) was a mid-1970s 
research network in Europe; it 
examples of networks that 
multi-nation networks. 


networks that serve or have served 
examples are listed below under 
network, the European Informatics 
attempt to provide a continental 
no longer exists. There also are 
serve several nations, that is. 


Many nat.ons in Europe do no. have their own research networks, 
egium, Greece, Iceland, Luxembourg and Portugal only have hosts on 
Unet, and Turkey only has a host on EARN. There have been very few 
network connections to the Soviet Union or the Eastern European 
countr.es. Also, these countries, except for the Soviet Union, don', 
tend to have their own networks. Bulgaria. Czechoslovakia, the 
emocrat.c Republic of Germany, Hungary and Poland all have 
connections to the multi-nation network, IASnet, discussed below 
There are no known systems in Albania or Romania 


Recent changes in the Eastern European political and economic 
an scape will have, no doubt, a major impact on the manner in which 
scientific research is conducted in these countries. Greater 
cooperation with Western Europe and the United States will spur, the 
evelopment of communications lines in Eastern Europe. The European 
research networks and the U.S. connectivity these networks will 
undergo major expansion as the political and economical gains are 
consolidated and the attention is focused on scientific and cultural 
endeavors. Already, plans are underway for some Eastern European 
countries to join European communications associations. While 
interest in developing better communications in these countries is 

growing, i, is no, possible to predict how fas, this interest will be 
translated into reality. 
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3.5.1 Continent Wide Networks In Europe 


The best examples of continent wide networks are: EUnet, EARN, 

HEPNET, EIN and Ean, and RIPE. 

3.5. 1.1 EUnet 

The European UNIX network, EUnet, .is a European cooperative R&D 
network begun in 1982. While EUnet began as an application of the 
protocols and software used in USENET and UUCP and while most of its 
hosts run UNIX, the network is not restricted to UNIX. Today it uses 
UUCP and TCP/IP protocols. EUnet is designed to provide the European 
research and development community with a variety of services, 
primarily electronic mail and news, and with interconnections to 
other networks. EUnet has become an important means of technology 
transfer between industry and academia. 


The network originally served the Netherlands, Denmark, Sweden, 
and the United Kingdom, but has spread throughout Western Europe. 
Today, there arc over 1200 sites in 19 countries. The network is 
growing very rapidly in both sites and throughput. Total network 
throughput is estimated at about 3 Gigabytes per month. 

The link speeds range from 2400 bps to 64 Kbps. There are 
connections from EUnet to EARN, JANET, DFN and other networks within 
Europe, plus intercontinental connections to Japan (JUNET), Korea 
(SDN), Australia (ACSnet), Malaysia (RanfKoM), New Zealand, Israel, 
and North America (CSNET, UUCP, UUNET via 64 Kbps leased line). 
There is a EUnet backbone host in each member country in Europe, and 
this host serves as a gateway for communications within its country. 
Funds are provided by the owners of the individual hosts and by the 
individual users. Currently, talks are being held among EUnet, EARN, 
HEPNET and RARE representatives about coordinating and integrating 
networking services throughout Europe. 
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3.5. 1.2 EARN 


The European Academic Research Network, EARN, which was formed 

“ 1983 “ Sin8 ' h ' BITNET "■«"='• « a network for Europe, the Middle 
East, and Africa. It also is known as the European segment of the 
BITNET network. It has hosts in every Western European country, plus 
Austr.a, Yugoslavia, Cyprus, Turkey, Israel, Algeria, the Ivory 
Coast, Morocco, Tunisia, Egypt and India. Proposals for accepting 

connections from Bulgaria, Hungary and the Soviet Union are being 
considered. 6 


As the first general purpose network serving this broad area of 
the world, it is widely used for scientific, research, educational 
and academic purposes. Today, EARN links more than 500 institutions 
and has more than 100,000 users in 24 countries. EARN is an 
association registered in France and its directors include one 
representative from each member country. Financing is the 
responsibility of the EARN nodes in each country. 

EARN is based on the same technology used by BITNET and provides 
the same services. It uses IBM’s Synchronous Network Architecture 

protocol, but is committed to migrating to ISO/OSI. Services 
provided include interactive messaging, mail and file transfer. The 

eased lines on the network range from 2400 bps to 64 Kbps, and the 
international links are at least 9.6 Kbps. EARN is directly 

connected to BITNET in the United States, forming along with NetNorth 
in Canada, a single logical network. EARN also has connections to 

T and ESNET in the United States and to DFN, EUnet and JANET in 
Europe. Currently, as noted under the EUnet discussion, talks are 
being held among EARN, EUnet, HEPNET and RARE representatives about 
coordinating and integrating networking services throughout Europe. 

3.5.1. 3 HEPnet Europe 


HEPnet in Europe includes ,he coordinated se, of networking 
facilities used by High Energy Physicists in Europe. The network is 
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administered by a coordinating committee with a chairperson from the 
Organisation Europecnne pour la Recherche Nucleaire (CERN). 
Networking for High Energy Physics is conducted over a variety of 
networks ranging from those dedicated to physicists in various 

countries to the several multidisciplinary networks in the different 

countries. That is, it includes components of other networks. 

The various components of HEPnet Europe are interconnected 

through a set of international leased lines. As in the United 
States, DECNET is the primary protocol used. SNA, NJE and Coloured 
Book protocols are also used, and there are plans to migrate to 
ISO/OSI. Services include mail, file transfer and remote login and 
job entry. Most dedicated links operate at 64 Kbps. However, there 

are plans for the introduction of 2 Mbps links. The CERN connection 
(i.e., from Geneva) to the United States HEPNET terminates at the 
Massachusetts Institute of Technology in Cambridge, MA. It also has 
connections to EARN and EUnet in Europe and to the Internet and SPAN 
in the United States. 

3.5.1. 4 EIN & Ean Europe 

The European Informatics Network (EIN) was a mid-1970s attempt 
to provide a continental research network in Europe. It no longer 
exists. 

There are a number of networks in Europe and around the world 
that use the Ean (name given to the original X.400 protocol in 
Canada) implementation of X.400. In Europe, the association of these 
networks is called Ean Europe. Its objective is to establish 
communication links for the European community. Most of these links 
currently are 9.6 Kbps leased lines.The interconnectivity is growing 
throughout Europe. 

3.5.1.5 RIPE 

EUnet began setting up a continental TCP/IP network called 
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Reseau IP Europeen (RIPE) in 1989. It uses T1 links from Amsterdam 
to France (FNET) and to Stockholm (NORDUnct), and it will have 
connection to the NSFNET. It will be similar to NSFNET. 

3.5.2 Multi-Nation Networks In Europe 

There are two significant multi-nation networks in Europe: 
IASnet and NORDUnct. 

3.5.2.1 IASnet 

IASnet, the network for Socialist countries, is still being 
implemented. It is a star network with the central host at the 
Institute of Automated Systems (IAS) in Moscow and with X.25 
connections to institutes of informatics in Bulgaria, Hungary, East 
Germany, Poland, Czechoslovakia, Cuba, Mongolia and Vietnam. Users 
at these institutes have access to Soviet and foreign databases. 
Access from the center host at IAS to other networks is via an X.75 
line to the Austrian PDN and an X.25 line to the Finnish PDN. 
Languages used on the network include English, French and Russian. 

3.5.2.2 NORDUnet 

The Nordic countries have sponsored a number of early networking 
projects: Centernet (Denmark), FUNET (Finland), ICEP (Iceland), 

UNINETT (Norway) and SUNET (Sweden). Based on work at these 
projects, NORDUnet (a networking organization formed in 1985) 
established NORDUnet which became operational in 1988. Today, 
NORDUnet is an international network that connects the Nordic 
countries by connecting local area networks at Scandinavian 
universities with an international backbone. 

The network configuration is a star network centered i 
Stockholm, Sweden, where it is connected to the Swedish national 
network SUNET. The network has nodes in Lyngby, Denmark (where it is 
connected to DENet), Trondheim, Norway (where it is connected to 
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UNINETT), and Espoo, Finland (where it is connected to FUNET). The 
purpose of NORDUnet is to provide coordinated network services to 
Nordic R & D users. 

The protocols used are UUCP, TCP/IP, DECNET, NJE and X.25. 
Basic services like mail and file transfer are provided; access to 
supercomputers is also provided. The star links are 64 Kbps leased 
lines. There are connections to NSFNET, HEPNET, CSNET, EARN, and 
EUnet. Plans are underway for increasing some link speeds to 2 Mbps 
and to provide a connection to Iceland. Migration to ISO/OSI is 

expected. 

3.5.3 Networks In France 

As indicated in Section 2, France, like the United Kingdom and 
the Unites States, was involved in the early network development 
work. Three of its first networks were CYCLADES, RPC and COSAC. 
Networks currently used, to some degree, for research purposes 

include FNET, ARISTOTE, SMARTIX, PHYNET and REUNIR. 

3.5.3. 1 CYCLADES & OTHER EARLY NETWORKS 

In France, the CYCLADES (Cyclades is an archipelago in the 
Aegean Sea, named for its circular configuration, hence the use of 
the name for this network) network, developed in the early 1970s, was 

designed for both network research and as a support for other 

research. CYCLADES, similar in many ways to the earlier ARPANET in 
the United States, was coordinated by what is now called the National 
Research Institute for Computer Science and Automation. The network 
became operational in 1973, grew slowly through the 1970’s because of 
budget constraints, underwent developmental changes, and established 
some international links. 

The network used a specially developed protocol, CIGALE, and 

provided a wide variety of services. Link speeds ranged from 4.8 
Kbps to 19.2 Kbps, and there were a number of international 
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connections (e.g., to London, Rome). CYCLADES was phased out in 
1981. This network, did, however, have a significant impact in 
France and internationally, on the development of network technology 
(e.g., the ISO-OSI model). 

Two other French networks, developed relatively early, were RPC 
for Reseau Communication par Paquet and COSAC for Communications Sans 
Connections. RPC played a major role in the evolution of X.25 packet 
networks, and network research was conducted on COSAC during the mid 
1980s. 

3.S.3.2 FNET 

FNET, which is the French branch of EUnet, provides news and 
mail service and is similar in several ways to the French research 
network ARISTOTE (discussed below). For example, these two networks 
serve over 6500 users at public research laboratories, universities, 
private research organizations and a number of private companies. 
The most frequently used protocol on FNET is UUCP and the typical 
services are news and mail. However, new services (e.g., file 
transfer) are being planned, and there is a plan to migrate to 
ISO/OSI. 

The typical link speed is 4800 bps. There currently is a 
satellite link to NSFNET, but this link will be changed to a fiber 
optic cable link. The Institut National de Recherche en Informatique 
et Automatique (INRIA) and the French UNIX Users’s Group manages the 
network. INRIA pays for much of the cost of the backbone; member 
fees pay for the remaining costs. Because of its importance to its 
users throughout France, there are plans for improving this network. 
These improvements include: use of TCP/IP and ultimately ISO/OSI; 

increased speeds; more interconnections with other networks; the 
establishment of a permanent organization to manage it. 

3.S.3.3 ARISTOTE 

ARISTOTE is an acronym for Association de Reseaux Informatique 

Page 3-18 



en Systeme Totalement Ouvert et Trcs Elaborc (i.e.. Association of 

Information Networks in a Completely Open and Very Elaborate 

System). The network is managed by a French nonprofit association 
whose primary purpose is to facilitate the development of networking 
technology. ARISTOTE members, mostly national agencies, are research 

institutions with industrial concerns. The typical protocol is 
TRANSPAC, and the services include mail and remote login, which have 
been available since 1988. Link speeds range from 4800 bps to 64 
Kbps. There are interconnections with e.g., FNET, CSNET, and 

Internet. 

3.S.3.4 SMARTIX & PHYNET 

SMARTIX was designed as an experiment to solve internal needs of 
the French National Telecommunications Research Center (CNET). This 

network is based on the work a, COSAC and uses the COSAC version of 

X 400 Services include long-term archiving, access to other 

services like teles, and conferencing. SMARTIX’s link speeds range 

up to 64 Kbps, and it has direct connections to ARISTOTE, and through 
ARISTOTE to EUNET, CSNET, and the Internet. It is funded by the 

French government. 

PHYNET, which is the network for nuclear physicists in France is 
similar to HEPnet in Europe. It uses DECNET and its link speeds are 

64 Kbps. 


3.S.3.5 REUNIR 

REUNIR is an acronym for Reseau des Universites et de la 
Recherche (i.e.. Network of Universities and Research). The REUNIR 
Network connects many French universities and research institutions, 
and its basic purpose is operational support of other research, 

primary participants are the national universities, the National 
Center for Scientific Research and national agencies involved ,n 

research, e.g., agriculture, health and medicine. The network uses a 

variety of protocols (e.g., TRANSPAC, SNA, and TCP/IP), and provides 
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several services, including mail, file transfer, and remote login. 
Link speeds range from 4800 bps to 2 Mbps. REUNIR has 
interconnections with EARN and FNET. 

3.5.4 GERMANY 

Germany (i.c., the Federal Republic of Germany) has contributed 
significantly to network development. As noted in Section 2, one of 
Germany’s earlier networks, HMI-NET, is similar to CYCLADES and 
ARPANET in that it has been an experimental network and has 
contributed to the development of a community of network experts. 
Other important networks are Dnet, Germany’s national branch of 
EUnet, and AGFNET, which connects many of Germany’s research centers 
and universities. 

3.5.4.1 HMI-NET 

In Germany, the Hahn-Meitner Institut (HMI) Network (HMI-NET) 
was established in Berlin as an experimental networks and was 
operational during the mid to late 1970’s. This network, like 

CYCLADES and ARPANET, helped to develop a community of network 
experts and to pave the way for the development of more advanced 

networks (e.g., Deutsches Forschungsnetz or DFN). In fact, one of 

the early developers of HMI-NET has recently proposed a 

continent-wide fiber optic network with speeds of 100 Mbps and 
faster. 

3.5.4.2 DFN 


The Deutsches Forschungs Netz (DFN), or German Science Network, 
is the national research network in Germany. In the early 1980s, a 
study by Stanford University recommended the development of a 
nationwide network that would provide ARPANET-like services for 
Germany, rather than expand BERNET as some had proposed. The 
Stanford recommendation was followed, and DFN was begun in the mid 
1980s. DFN connects every university, college, and research 
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laboratory in Germany. By the late 1980s it had over 65 hosts. 

DFN uses X.400 and other ISO/OSI compatible protocols to provide 
a wide variety of services, including mail, file transfer and remote 
job entry. Most links are 9600 bps, some are 64 Kbps, but higher 
rates are planned. There are links to EUnet, EARN and CSNET. 
DFN-Verein in Berlin administers the network, while the Ministry of 
Research and Technology (MRT) provides funding. The network’s 
managers have been involved in the development of ISO/OSI protocols, 
and DFN is Germany’s representative in RARE. 

3.5.4. 3 AGFNET 

Arbeitsgemeinschaft der Grossforschungseinrichtungen (AGF) is 
the Association of National Research Centers, and AGFNET has been its 
network. AGFNET, as a backbone network, connects all of AGF research 
centers and all of Germany’s universities. There are twelve 

organizations on the backbone, and each has one host on the backbone 
and each has its own network. The total number of users is estimated 

at about 10,000. 

The network supports multiple protocols (i.e., SNA, ISO/OSI, 
DECNET, TCP/IP), and provides a variety of services. Most links are 
64 Kbps leased lines, and there are interconnections to other 

countries (e.g, Montpellier, France). Because IBM funding ended in 
the late 1980s for several of the networks connected to AGFNET, the 

networks affected (often sites of large laboratories) have planned to 

interconnect their networks to form a German EARN (i.e., DEARN). The 
network currently is administered and funded by AGF. 

3.5.4. 4 REGIONAL NETWORKS: BERNET & BELWU 

The purpose of BERNET, started in 1976, is to link all academic 
and research institutions in West Berlin. The development of the 

network has been based on the work completed on HMI-NET. Today, 
BERNET is the Berlin regional part of DFN. It is one of the two 
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major regional networks in Germany. 


BELWU, in Baden-Wurttcmberg, is the other major regional 
research network in Germany. It has been operational since early 

1988. It uses 140 Mbps optical fiber long-distance trunks to connect 
campus Ethernets, HYPERchannel (data link protocol used with Cray 2s) 
installations, and FDDI (i.e., Fiber Distributed Data Interface, 
network layer protocol) installations. Higher level protocols tend 

to be TCP/IP, and the migration to ISO/OSI is planned. 

3.5.5 Networks In The United Kingdom 

As discussed in Section 2, The United Kingdom conducted some of 
the early work in experimental networks and now has a nationwide 
research network. Its early experimental network was the National 

Physical Laboratories (NPL) Network, and its first major network for 
supporting other research was the Science and Engineering Research 
Council Network (SERCnct). This early work has influenced the 

development of a national research network named JANET and Starlink, 
and UKnet. 

3.5.5.1 NPL NETWORK 

One of the earliest packet switching networks was implemented at 
the National Physical Laboratories (NPL) in the United Kingdom in 
1968, when the ARPANET was built. An international connection was 

established to CYCLADES in 1974. This early work influenced the 

developed of SERCnct and ultimately, JANET. 

3.5.5.2 SERCnet 

Initial planning for the Science and Engineering Research 
Council Network (SERCnet) actually began back in 1966. SERCnet 
progressed through several developmental phases with several names 
during the late 1960’s and early 1970’s and was established as a 
research network, named SERCnet, in 1977. 
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The Computer Board for Universities and Research Councils 
(CBURC), funded by the Department of Education and Science (DES), 
began planning in the late 1960s for a network that would connect 
regional computer centers. The initial plan called for star networks 
using PTT leased lines. Some intersite connections were established 
by 1976, and by 1977 when the network was named SERCnct, many 
universities and polytechnic sites were connected. About this time 
the CBURC and the SERC were making plans for a national backbone 
network. In 1984, SERCnet was used as the core of this new network, 

named JANET. 

3.5.S.3 JANET 

The Joint Academic Network, JANET, as noted above, partly grew 
out of SERCnet in 1984. Also at this time, the networks of other 
major national organizations (e.g., the Natural Environment Research 
Council) merged with JANET. That is, JANET was established to 
interconnect the local networks in the United Kingdom research 
community, including those at the Councils, Universities and 
Polytechnics, and to provide access to networks around the world. 

Today JANET is the major academic network in the United 
Kingdom. Because there was a single ultimate source of funding 

(i.e., the Department of Education and Science) for all the networks, 
the merging was simplified and facilitated. This consolidation has 
led to increased connectivity, new services and reduced overall 

costs. 


JANET is a packet switching network. Local networks connected 
to JANET tend to be Ethernets, the long-haul network layer is X.25 
over leased lines, and the higher layers use the Coloured Book 
protocol. The network can be used to provide access to a computer at 
another site, to send mail, to transfer files, or to submit a job 
from one computer system to run on another. Services include access 
to supercomputers (e.g., a Cray Is and a CDC Cyber 205). 
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began in 1984, is the United Kingdom (UK) UNIX 
Page 3-24 



Network. It is the UK’s part of EUnet, the European UNIX network. 

It is the major network in the UK connecting universities, research 
organizations, and commercial sites to the EUnet. Protocols used by 

the network are Coloured Book and UUCP. UKnet provides the same 
services as EUnet, which are mail, news and access to other 

networks. Link speeds range from 1200 bps to 19.2 Kbps. The network 
is run from the University of Kent at Canterbury in cooperation with 
a users group. While the network has received some government 

grants, most funding comes from charges to the user sites. The 

network plans to migrate to ISO/OSI. 

3.5.6 Networks In Other European Countries 

The other European countries which have major networks, used in 
some manner for research, are: Austria, Denmark, Finland, Iceland, 

Ireland, Italy, Netherlands, Norway, Soviet Union, Spain, Sweden, 
Switzerland and Yugoslavia. The research networks in these countries 
are described briefly. 

3.5.6.1 Networks In Austria 

Austria has an academic and research network (ACONET), a 
university network (UNA) and local branches of EARN and EUnet. The 
EUnet and EARN nodes became operational in the mid 1980s. 

The Academic Computer Network (ACONET) was begun in 1986 by the 
Austrian Federal Ministry of Science and Research. ACONET, a member 
of RARE, is Austria’s long-haul research network. It reaches most 
research and higher education institutions and has connections to 
EUnet and EARN. Administration is centered in Vienna. It uses 
special Austrian protocols but plans to migrate to ISO/OSI. Services 
provided include mail, file transfer, remote login, and remote job 
entry. Its link speeds range up to 19.2 Kbps, and it connects with 

UNA, with BITNET via EARN, and USENET via EUnet.The Austrian 
University Network (UNA) uses DECNET protocols to connect computers 
at Austrian universities. 
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3.5.6. 2 Networks In Denmark 


Denmark has two main networks, DENet, its academic and research 
network and DK.net, its branch of EUnet. The Danish Ethernet Network 
(DENet) connects many local Ethernets in university departments 
throughout Denmark. The network, which is the Danish part of 
NORDUnet and which replaced Centernet, provides nationwide access to 
computer facilities. Protocols used are TCP/IP and DECNET. Link 
speeds are 64 Kbps and 128 Kbps. DKnet is the Danish part of EUnet 
and provides mail and news services as does EUnet. The main backbone 
machine on the network has four 1200/2400 bps modems and two X.25 
lines. 

3.5.6.3 Networks In Finland 

Finland has one major network, the Finnish University Network 

(FUNET), and connections to other major networks around the world. 
The purpose of FUNET, established in 1984, is to provide network 
services to the Finnish Universities and Research establishments. 
This network is star-shaped and is centered and administered at the 
Helsinki University of Technology. Universities, private companies 
and government agencies use the network. 

FUNET uses a variety of protocols, with the most widely used 
being TCP/IP and DECNET. Services include mail, conferencing, file 
transfer, remote job entry, remote login and interactive graphics; 

access to supercomputers is provided. The network uses leased lines, 
ranging from 14 Kbps to 64 Kbps, with Ethernet bridges and routers to 
connect local Ethernets at Finnish universities. There are direct or 
indirect connections to EARN, EUnet, NORDUnet, BITNET, CSNET, NSFNET, 
SPAN and HEPNET. Future plans include increasing link speeds to 2 

Mbps. 

3.5.6.4 Networks In Iceland 

The major network in Iceland is the local branch of EUnet. 
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There also are connections to EARN and Ean networks. The local 

branch of EUnet is administered by a users group, and mail and news 
are the main services. The network uses UUCP links over leased and 

dial-up lines and X.25 links at speeds ranging from 1200 bps to 9.6 
Kbps. The network has connections to NORDUnet. 

3.5.6.S Networks In Ireland 

The Republic of Ireland, which was connected to the early COSAC 
network, it one of the main centers of EARN and has a national 

backbone host on EUNET. Its major networks include HEANET and 

EuroKom. 

The Higher Education Authority Network (HEANET) was begun in 
1985 and is administered and funded by the Irish Higher Education 
Authority. The purpose of HEANET is to provide access to network 

facilities and to other networks. It currently connects seven 
colleges throughout Ireland. The primary protocol is the Coloured 
Book and services include mail, file transfer, and remote login. 

HEANET uses leased lines on the national PSN. Link speeds range up 
to 64 Kbps, and there are interconnections with EARN, Eunet and EARN. 

EuroKom is a network for participants in the European Strategic 
Programme for Research in Information Technology (ESPRIT) of the 

European Community (EC). ESPRIT supports non-competitive research 
into software technology, computer integrated manufacturing, 
microelectronics, and related areas. EuroKom, which is based in 
Dublin, supports many of the ESPRIT projects and other key EC 
research initiatives. It provides electronic mail and computer 
conferencing services to both industry and universities, and its 
links speeds range up to 64 Kbps. 

3.5.6. 6 Networks In Italy 

Italy’s national research network is the Instituto Nazionale 
Fisica Nucleare Network (INFNET). INFNET’s purpose is similar to the 
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3.S.6.7 Networks In The Netherlands 


EUne. ' „ " UndS 1,35 ,W ° maiD ”" WOrks - «“ branch of 

an a nat.onal research network, SURFnet, which is also the 

nattona branch of EARN. SURFn.t, the research and higher education 

wor ,he Netherlands, connects some 85 organizations. The 

networ s protocols are DECNET and NJE. „s backbone has twenty-five 

64 Kbps links; the speed of its other links is 9.6 Kbps. SURFne, is 

planning m0 ve to X.400 electronic mail and is working on a 

dedicated, nationally managed, X.25 network. 


3.S.6.8 Networks In Norway 
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3.S.6.9 Networks In The Soviet Union 


The Soviet Union has several large networks. Academnet 
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research and academic institutions in the republics of the Soviet 
Union to the Institute for Automated Systems (IAS) in Moscow. The 
purpose of this network is to provide access to Soviet and foreign 
databases, which is also the purpose of IASnet. 

Adonis, still under development, is run by IAS and connects 
computer centers in the Soviet Union. ANAS is the administrative 
network of the Azerbaijan SSR Academy of Sciences and is used for 
information management. ANAS provides mail, remote login and several 
other services. 

There is a connection between Moscow and San Francisco, known as 
the San Franscisco-Moscow Teleport. Links in the Soviet Union are 
estimated to range from 2400 bps up to 64 Kbps. 

3.5.6.10 Networks In Spain 

Spain has a RARE experimental R&D network, a national branch of 
EUnet, FAENET (the local branch of HEPNET), and RICA, a regional 
academic network. The national branch of EUnet is called Enet, which 
was started in 1986 and which is organized as a star with direct 
connections to all hosts in the country. The main protocol is UUCP 
and mail is the primary service. The speed of international links is 
9.6 Kbps. Rapid growth is expected, and plans are being made to 
prepare for it. The RARE experimental R&D network is called Ean. 
Ean is a national research network that uses Ean software. The 
typical link speed is 9.6 Kbps, but there are plans to upgrade lines 
with heavy traffic to 64 Kbps. An international link to CERN is 
planned. 

3.5.6.11 Networks In Sweden 

The major network in Sweden is the Swedish University Network 
(SUNET), which began in 1980 and which includes several components of 
other networks. The purpose of SUNET, which interconnects local and 
regional networks at universities in Sweden, is to provide network 
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facilities for researchers and teachers of all disciplines. The 
operation and management of this network is decentralized. 

The SUNET backbone is a star network centered in Stockholm. 
There are six 64 Kbps lines interconnecting local Ethernets to one 
national Ethernet. An X.25 network provides the backbone; this X.25 
network is also used for international traffic. Networks connected 
to the SUNET backbone include: a DECNET network coordinated with 

NORDUnet, SPAN, and HEPNET; a TCP/IP network with connections to the 
Internet; and an NJE EARN network. The network thus uses several 
protocols and provides a variety of services. 

3.5.6.12 Networks In Switzerland 

The national research network in Switzerland is SWITCH and the 
national EUnet backbone host is at CERN. SWITCH provides a wide 
variety of services to researchers throughout the nation, and its 
typical link speeds are 64 Kbps. CERN is one of the networking 

centers of the world, and it connects every European continental 
network, including HEPNET, EARN, EUnet, and the Ean networks. It is 
a testbed for local area networking technology, for interconnecting 
networks, and for protocol suites. CERN plays a leading role in 

European technology enhancement initiatives. 

3.5.6.13 Networks In Yugoslavia 

Yugoslavia has one network, the SIS network, which appears to 
serve as its research network, and a national backbone on EUnet. SIS 
(which probably refers to Social Information System) was developed in 
the late 1980s. Eventually, it will provide mail, remote job entry, 
file transfer and videotext. Link speeds range from 1200 bps to 19.2 
Kbps. The network adheres to ISO standards, is a participant in 
RARE, but has no international connections. 

3.6 NETWORKS IN ASIA 

As noted in Section 2, major networks in Asia include three 
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3.6.1 Multi-Nation Networks In Asia 


There are three mnlti-nation networks in Asia- AUSEAne, 
GULFnet, and PACNET AU^EAnet, 
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3.6.1. 2 GULFnet 


GULFnet is the Middle East segment of the B1TNET Network, It 
was established in 1985, and connects 10 academic and research 
institutions in Kuwait and Saudi Arabia. 1. uses the same technology 
and provides the same services as EARN and BITNET, bu, ts not 
interconnected to them. Link speeds range up to 9.6 Kbps. 


3.6. 1.3 PACNET 

PACNET is the Pacific and Asian academic meta-network serving 
Australia, Hong Kong. Indonesia, Japan, South Korea, Malaysia, New 
Zealand, Singapore, and Taiwan. PACNET is made up of the networks of 
the countries it serves. It is a logical grouping of Pac.f.c hosts 
and organizations with no centralized administration or fund.ng. It 
is not yet fully operational. It ultimately will connect the As.an 
and Pacific sites with Canada via CDNnet, Europe via EUnet, and the 
United States with CSNET and NFSNET. Currently, most connections are 
2400 bps dial-up links and mail and news are the only services 

generally supported. 


3.6.2 Networks In Japan 

As indicated in Section 2, there are a wide variety of networks 
in Japan including N-l, NACSIS, JUNET, Kogaku-bu LAN and Sigma. 
Also, many of the international networks <e.g„ BITNET. CSNET. UUNET, 
HEPNET) reach Japan. 

There was little communication by personal computer in Japan 
until the privatization of Nippon Telegraph and Telephone (NIT) and 
the corresponding deregulation of the public telephone system to 
1985. Since then, networking activity in Japan has increased 

significantly. 

One of the major problems being handled by Japanese researchers 
in networking involves the development of hardware and software that 
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can handle the Japanese language. Today, the Japanese government is 
encouraging implementation of campus networks and is funding two new 
high-speed international links to the United States and Europe. 
These links are being developed in cooperation with the U.S. NSF. 


3.6.2.1 N-l 


The oldest major network in Japan is N-l which became 
operational in 1981 and which is an inter-university network. It 
uses its own N-l protocols, and its services include remote login and 
remote job entry, but not mail. Line speeds are typically 9.6 Kbps, 
but range from 4.8 Kbps to 48 Kbps. 

3.6.2.2 NACSIS 

The National Center for Science Information Systems (NACSIS) 
Network, established in 1987, is the likely successor to N-l. It is 
a tree-shaped network with direct links to the component 

institutions. The network connects Inter-University Computing 
Centers throughout the main Japanese islands and gives researchers 
access to a wide range of computing facilities including 
supercomputers. 

NACSIS uses the N-l protocols and provides the same services as 
N-l does, i.e., remote login and remote job entry. Some links are 

converting to TCP/IP protocols. The link speeds of the links to the 
component institutions are 48 Kbps, and the speeds of links closer to 
origin range up to 768 Kbps. 

3. 6. 2.3 JUNET 

Today, the major nationwide researh network in Japan is JUNET 

which was begun in 1984. This network’s purpose is to promote 
information exchange among Japanese researchers and with researchers 
outside Japan. It also provides a test environment for research in 

networking. JUNET connects major universities and research 
organizations through Japan; it is concentrated in Tokyo and Osaka. 
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The common protocol is UUCP, some links use TCP/IP, and there 
are no clear plans to migrate to ISO/OSI. Services include only mail 
and news. JUNET’s 2000 nodes in about 200 organizations are 

connected via 2400 bps or 9.6 Kbps dial-up lines through UUCP; via 
9.6 Kbps, 64 Kbps or T-l leased lines with TCP/IP; and via X.25 for 
international connections. There are interconnections to EUnet, 

USENET, UUCPnet and CSNET. A connection to SURAnet on the NSFNET and 
one to Asianet (BITNET) are planned. Administration is handled by 
the major backbone hosts, and each host host’s connection costs arc 
paid by its institution. 

3.6.2. 4 Kogaku-bu LAN & Sigma 


Other networks in Japan include Kogaku-bu LAN and Sigma. The 
University of Tokyo established Kogaku-bu LAN in 1987. This network 
uses TCP/IP over a 100 Mbps fiber-optic backbone that connects 
several local area networks running Ethernet. Currently, 400 Mbps 
fiber-optic technology is being developed. Sigma, started in 1987, 
is a research and development testbed network designed for use in the 
Sigma Project whose purpose is to produce a standard workstation 
environment for use in Japan. The basic protocols are TCP/IP. 

3.6.3 Networks In Other Asian Countries 


Korea has been developing a significant research network. Other 
Asian countries which have modest, but important, networks, used in 

some manner in research, are: Hong Kong, India, Indonesia, Israel, 

Malaysia, and Thailand. 

3.6.3.1 Networks In Hong Kong 

The national research network in Hong Kong is the Hong Kong 
Academic and Research Network (HARNET) which became operational in 
1986. It serves research and academic institutions in Hong Kong by 
providing them with connections in Hong Kong and to the rest of the 
world. HARNET is a star-shaped network whose links are either UUCP 
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over dial-up 1200 bps lines or PDN 2400 bps lines, or DECNET over 9.6 
Kbps leased lines. Services include mail, news, file transfer and 

remote login. There are interconnections with Korea (via SDN), 

Australia (via ACSnet), Canada (via CDNnet), United States (via 

CSNET), and the United Kingdom (via JANET). 

3.6.3.2 Networks In India 

Currently, there is much planning activity in India, but few 

actual networks. The National Informatics Centre (NIC) is developing 
a network, NICNET, that will provide information services to various 
government agencies. Its links speeds will be either 1200 bps or 9.6 

Kbps. The government is also developing an academic and research 
network, ERNET, to connect computing resources at academic and 

research institutions. ISO/OSI protocols are being used and initial 

services provided will include mail, file transfer, remote login, and 
database access. The last mile problem is significant in India, and 

the telephone system cannot support a wide-area network. Link speeds 
are expected to range up to 64 Kbps, and interconnections to other 
networks are planned. 

3. 6.3.3 Networks In Indonesia 

Indonesia is developing a national research network called 
UNInet, a university research network. It is expected that some 45 

government sponsored universities will be interconnected by this 
network. 


3.6.3.4 Networks In Israel 

Israel has a PDN, a commercial network, and a branch of EARN, 
called ILAN, or Israeli Academic Network begun in 1984. ILAN plans 
to migrate from NJE protocols to TCP/IP and eventually to ISO/OSI. 
Currently, services include mail, chat, and a PC library server. 
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3.6.3.S Networks In Korea 


The major national network in the Republic of Korea is the Korea 
Research Environment Open Network (KREONet). An earlier network, the 
System Development Network (SDN), was begun in 1982. Korea is also 
the center of PACNET and has connections to BITNET, UUNET and CSNET. 

Starting in 1982, SDN served as a backbone network that 
interconnected local area networks, provided network facilities for 

communication and served as an R & D test environment. In 1988, the 
National Academy and Research Network Planning Group established 
KREONet as the nation’s backbone network. It will link all the 

research and development institutes for improved research 
productivity and science and technology advancement in Korea. It is 
being developed in three stages between 1988 and 1996, and will 
require about $115 million. A T-l backbone will be in place in 1991, 

and peripheral sites will be connected to the backbone via links 

ranging from 19.2 Kbps to 56 Kbps. Today, the network provides the 
following services: e-mail, database access, and file transfer. The 

primary network protocol is TCP/IP, with migration to OSI 

anticipated. Links to overseas research networks are planned. 

3.6.3.6 Networks In Malaysia 

The national research network in Malaysia is called Rangkaian 
Komputer Malaysia, or RangKom. The purpose of this network, which 
began in 1987, is to promote communication in research organizations 
and universities, coordinate public databases, and assist in network 

research projects. Most universities connect to the network through 
their own campus networks. UUCP is its primary protocol, and a 
migration to TCP/IP is expected. Services include mail, file 

transfer and news. Most traffic runs over the Malaysian Packet 

Switched Data Network or leased lines. Most Malaysian lines are run 
at 1200 bps, and most leased lines are 4.8 Kbps or 9.6 Kbps. 
Transmission speeds of 64 Kbps are planned. RangKom is the Malaysian 
part of AUSEAnet, and there are international connections to the 
United States, the Netherlands, Australia, Korea, and Indonesia. 
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3.6.3. 7 Networks In Thailand 


The national academic network in Thailand is the Thai Computer 
Science Network, or TCSnet. It has connected several universities 
since 1988, but has no dedicated funding since traffic is low. 
Connections arc made by telephone dial-up at 1200 bps or 2400 bps. 
The Australian SUN-III protocols are used, and the services include 
mail, file transfer and remote job execution. There is a connection 
to UUNET. 

3.7 NETWORKS IN AUSTRALIA/PACIFIC 

There are two multi-nation networks in this area, and both 
Australia and New Zealand have important research networks. 

3.7.1 Multi-Nation Networks In Australia/Pacific 

The multi-nation networks in this area are PACCOM and SPEARNET. 

3.7.1. 1 PACCOM 

PACCOM is an attempt to build a Pacific regional internet. This 
network is making use of the emerging fiber-optic cable plant in the 
Pacific. Hawaii is at the center of this network because most of the 
fibers pass through Hawaii. Hawaii is also the logical choice for 

the center becasue it is the home of the largest collection of 

optical telescopes in the world, has advanced research facilities and 
has a 56 Kbps link to JPL.. 

The major protocol being used is TCP/IP, but DECNET and others 
will be supported. The New Zealand link is a 19.2 Kbps link, the 

Australian link is at 64 Kbps, and the link to the U.S. West Coast is 

a 512 Kbps link. All links are or eventually will be fiber- optic 
links. Links are planned to Japan and to other regions in the 

Pacific. Funding is coming from NASA, NSF and the State of Hawaii. 
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3.7.1.2 SPEARNET 


The South Pacific Educational and Research Network, SPEARNET, 
was started in 1986 by the universities in Australia and New 
Zealand. The purpose of SPEARNET is to improve computer based 

facilities available for teaching and research. SPEARNET is the main 
network in New Zealand where all of its universities have been 
connected. The network uses the Coloured Book protocols. Services 

include mail, remote login, file transfer, conferencing and remote 
job execution. 

Most links run at 2400 bps or 9.6 Kbps. International 
connections between Australia and New Zealand and to other countries 
use the international X.25 network. It is expected that SPEARNET 

will migrate to ISO/OSI protocols, and there are plans for making the 
network into a national backbone research network, like NSFNET or 
BITNET in the United States or like RARE or EARN in Europe. A 2 Mbps 
backbone with costs shared by participants is anticipated. 

3.7.2 Networks In Australia 

There are a number of networks in Australia: ACSnet, ABN, 

QTInet, VICNET and AARNet. 

3. 7.2.1 ACSnet 

ACSnet, which began in 1979, is the major network in Australia 
connecting universities and research organizations. It spans the 
continent and connects about 600 computers. It uses the Sydney UNIX 
Network (SUN) III protocols. ACSnet services include mail, file 

transfer, remote printing, and USENET news. Most connections are 
over leased lines, local area networks, or the Public Switched 
Telephone network. Most links run at 2400 bps. There is no central 
planning or government funding. Each host pays for its own links. 
There is a 64 Kbps leased line to the University of Hawaii that 
allows access to the Internet. There are also connections to CSNET. 
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3.7.2.2 ABN, QTInet, & VICNET 


The Australian Bibliographic Network (ABN) is operated by the 
Australian National library. The Queensland Tertiary Institution 
Network (QTInet) connects institutions of higher education via leased 
lines at speeds of 2400 bps to 9.6 Kbps. VICNET is a network 
connecting the Victorian Colleges of Advanced Education and 
Institutes of Technology. The University of Queensland has both 
DECNET and TCP/IP networks. 

3.7.2.3 AARNet 

Plans for a conventional multi-protocol network around Australia 
are currently being implemented. This network, called AARNet for 
Australian Academic and Research Network, will links colleges and 
universities in Australia, will use 48 Kbps lines, and will have a 
connection to the Hawaii segment of the Internet. 

3.7.3 Networks In New Zealand 

Most of the networking activities in New Zealand are academic or 
research in nature, and they involve the universities, the Department 
of Scientific and Industrial Research (DSIR), and the Ministry of 
Agriculture and Fisheries. DSIRnct, named for DSIR, became 
operational in 1977 and uses a number of protocols (e.g., DECNET, 
Coloured Book). Most of the mail between the DSIR and the outside 
world passes through DSIRnet. There are two gateways from New 
Zealand to the rest of the world; one is a CSNET connection from 
Waikato and the other is a UUNET and ACSnet connection from Victoria 
University. Most links are relatively slow (i.e., 2400 bps), but, a 

unified national research network is being planned. 


3.8 NETWORKS IN CENTRAL & SOUTH AMERICA 

As indicated in Section 2, the situation in Central and South 
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America is similar to that in Asia (especially Southeast Asia). 
There is a growing interest in networking, but there are few 
operating networks. In Central and South America, there are two 
multi-nation networks and links to other networks. 

Puerto Rico has an active local branch of FidoNet called RED. 
The Center for Population and Family Health (at Columbia University) 
uses a Kermit connection to reach Haiti. There is a connection to 
IASnet in Cuba. There is a BITNET node in both Argentina and Chile. 
Brazil is planning to create an academic network to connect research 
centers in universities and industry and government laboratories. 
There are no known networks in Belize, Bolivia, Colombia, Ecuador, 
French Guiana, Guyana, Paraguay, Peru, Surinam, Uruguay, or 
Venezuela. 

3.8.1 Multi-Nation Networks In Central & South America 

The two multi-nation networks in Central and South America are 
CARINET and CATIENET. 

3.8.1. 1 CARINET 

CARINET, which began in 1982, is a general communications 
network used by business and development organizations in Central and 
South America, the Caribbean, Africa, the Middle East, Asia, Europe 
and North America. It has users in some 32 countries, concentrates 
on the less industrially developed regions, and has about 500 direct 
users. While the network serves much of the world, it focuses on 
Central and South America, and the languages used on the network are 
Spanish and English. CARINET is accessed via X.25 international 
PDNs, with a link speed of 1200 bps. It is used for accessing 
libraries, databases, news, mail, coordinating disaster assistance, 
and as a means for technology transfer. It was created by 

Partnerships for Productivity (PFP), a non-profit corporation 
specializing in Third World economic development. PFP sold CARINET 
in 1987 to a consortium that has made it an independent for-profit 
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corporation. Today, its purpose is still to support development, and 
all funding is from fees charged to the users involved in the 
development. 

3.8.1.2 CATIENET 

CATIENET is named for the Centro Agronomico Tropical de 
Investigacion y Ensenanza, or Tropical Agricultural Research and 
Training Center, a regional organization headquartered in Costa 
Rica. It was created in 1973, countries have joined it throughout 
the years, and eventually all Spanish-speaking Central American 
countries will participate in the network. Today, the Dominican 
Republic, El Salvador, Guatemala, Honduras, Nicaragua, and Panama 
participate in CATINET. Its major purpose is to provide facilities 
for exchanging information about agriculture and forestry and to 
share computer resources. Services currently include mail and file 
transfer; planned services include batch remote job entry and 
interactive database access. Like CARINET, its links speeds are 
relatively slow (i.e., 1200 to 2400 bps). 


3.9 NETWORKS IN AFRICA 

There are very few major networks in Africa. There is one 
multi-nation network, and Egypt and Tunisia each have one main 
network. 

Ethiopia, the Ivory Coast, Mali, and Niger each have connections 
to CGNET. Algeria, the Ivory Coast, and Morocco each has an EARN 
connection. Senegal has a packet radio network. Kenya is setting up 
a PeaccNet type network. South Africa apparently has internal 
networks, but external connections are few, as requests to connect to 
major worldwide networks (e.g., EARN and BITNET) have been turned 
down. There are no known networks in Cameroon, Libya or Nigeria. 
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3.9.1 Multi-Nation Networks In Africa 


The one multi-nation network in Africa is called CGNET 
(Consultative Group Network). CGNET is a conferencing system founded 
in 1985 by the Consultative Group on International Agricultural 
Research (CGIAR). The purpose of the network is to help improve food 
production in developing nations. The networks main machine is 
located in Palo Alto, California, and it connects 130 remote outposts 
in more than 70 countries, all involved in agricultural research. It 
serves the same countries as CARINET, plus others including 
Bangladesh, Burkina Faso, Ethiopia, India, the Ivory Coast, Mali, 
Niger, Sri Lanka, and Zimbabwe. Most countries use PDNs, but some 
use international telephone direct dialing or Kermit links. Link 
speeds range up to 9.6 Kbps. The agricultural research is primarily 
sponsored by a consortium of international agricultural research 
centers, which in turn, are sponsored by the United Nations and the 
World Bank. 

3.9.2 Networks In Egypt 

Egypt has a PDN and a general purpose network (ENSTINET), and is 
a member of EARN. ENSTINET is the Egyptian National Science and 
Technology Information Network. Its link speeds range up to 9.6 
Kbps, and it has connections to EARN and BITNET. 

3.9.3 Networks In Tunisia 

Tunisia has one main network, Afrimail, initiated by Tunisia and 
the Canadian government in the late 1980s. It has a connection to 
EARN and planned connections to African and Arab institutions. Its 
link speeds are relatively slow, i.e., 1200-2400 bps. 


3.10 SUMMARY 

Summaries of the eighty-four international research networks. 

Page 3-42 



which were selected and described in this section, are presented in 
Exhibits 3.2 and 3.3. The location, network name and link speeds for 
the eighty-four networks are listed in Exhibit 3.2. These networks 

are summarized by coverage extent, major geographical area and link 
speed in Exhibit 3.3. 

Coverage extent is defined in terms of four groups: worldwide, 

continent-wide, multi-nation and single nation. About four-fifths of 
the selected networks serve a single nation. The other one-fifth 

serve either several nations, an entire continent, or most of the 
world. The world-wide networks have the lowest maximum link speed, 
while networks serving a single nation have the highest maximum link 
speed. Across all groups, link speeds range from 1.2 Kbps to 1.544 
Mbps. The only exceptions are a limited distance 140 Mbps network 
linking high speed local area networks at several West Germany 
universities and two local area experimental networks in Japan. 

As noted earlier in this section, seven major geographical areas 
of the world were used to group these networks. These areas are: 
Worldwide, North America, Europe, Asia, Australia/Pacific, Central 

and South America, and Africa. About half of the networks are in 
Europe, and the other half are distributed across the other major 
areas. The networks with the highest maximum link speeds are in 
Europe (Germany) and Asia (Japan). The networks with the lowest 

maximum link speeds are in Central and South America and Africa. 

Networks were also grouped by maximum link speed. The three 
groups of link speeds are: 1.2 Kbps to 19.2 Kbps; 48 Kbps to 768 

Kbps; and 1544 Kbps to 140,000 Kbps. About half of the networks fall 
into the category with the lowest link speeds. Only about ten 
percent have maximum link speeds of 1544 Kbps or higher. 

These descriptions arc used in Section 4 to help determine the 
current and future international links and traffic volumes. 
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EXHIBIT 3-2. International Research Networks 


Location 

Network 

Link Speeds 



(Kbps) 

WORLDWIDE 

BITNET 

9.6 


CSNET 

9.6 


USENET 

11 


UUCP 

1.2 - 1 1 


UUNET 

1.2-11 


FIDONET 

1.2 - 9.6 

NORTH AMERICA 

CANADA 

DREnet 

1.2 - 64 


CDNnet 

1.2 - 19.2 


NetNorth 

2.4 - 9.6 


CA’net 

56 - 1544 


AHEN 

2.4 - 9.6 


BCnet 

9.6 - 1544 


CRIM 

56 


Onet 

19.2 - 56 

MEXICO 

ITESM 

9.6 - 64 


UNAM 

9.6 - 64 

EUROPE 

CONTINENT-WIDE 

EUnet 

2.4 - 64 


EARN 

2.4 - 64 


HEPnet 

64 


Ean 

9.6 


RIPE 

1544 

MULTI-NATION 

IASnet 

2.4 - 1 1 


NORDUnet 

64 - 2000 

FRANCE 

CYCLADES 

4.8 - 19.2 


FNET 

4.8 


ARISTOTE 

4.8 - 64 


SMARTIX 

4.8 - 64 


PHYNET 

64 


REUNIR 

4.8 - 2000 

GERMANY 

HMI-NET 

9.6 


DFN 

9.6 - 64 


AGFNET 

64 


BERNET 

64 

UNITED KINGDOM 

NPL 

2.4 - 9.6 


SERCnet 

9.6 


JANET 

9.6 - 64 


Starlink 

9.6 


UKnet 

1.2 - 19 2 

>THER EUROPE 

AUSTRIA 

ACONET 

2.4 - 19.2 
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EXHIBIT 3-2. International Research Networks 

(Continued) 


Location 

Network 

— Link Sneeds 

(Kbps) 

DENMARK 

DENet 

64 - 128 

FINLAND 

FUNET 

14 - 64 

ICELAND 

EUNET 

1.2 - 9.6 

IRELAND 

HEANET 

1.2 - 64 


EuroKom 

1.2 - 64 

ITALY 

INFNET 

9.6 - 48 

NETHERLANDS 

SURFnet 

9.6 - 64 

NORWAY 

UNINETT 

64 

SOVIET UNION 

Academnet 



Adonis 



ANAS 

— 

SPAIN 

Enet 

9.6 


Ean 

9.6 - 64 

SWEDEN 

SUNET 

64 

SWITZERLAND 

SWITCH 

64 

YUGOSLAVIA 

SIS 

1.2 - 19.2 

ASIA 



MULTI-NATION 

AUSEAnet 

1.2 


GULFnet 

1.2 - 9.6 


PACNET 

2.4 

JAPAN 

N-l 

4.8 - 48 


NACSIS 

48 - 768 


JUNET 

2.4 - 1544 

Hong Kong 

HARNET 

1.2 - 9.6 

INDIA 

NICNET 

1.2 - 9.6 

INDONESIA 

UNInet 

— 

ISRAEL 

ILAN 

9.6 

KOREA 

KREONet 

56 
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EXHIBIT 3-2. International Research Networks 

(Continued) 



Network 

\ ( «nk Sneeds. 

location — 

ASIA - Continued 
MALAYSIA 

RangKom 

(Kbps) 
4.8 - 9.6 

THAILAND 

TCSnet 

1.2 - 2.4 

australia/pacific 

multi-nation 

PACCOM 

SPEARNET 

19.2 - 512 
2.4 - 9.6 

AUSTRALIA 

ACSnet 

ABN 

QTInet 

VICNET 

AARNet 

2.4 

2.4 - 9.6 
2.4 - 9.6 
2.4 - 9.6 
48 

NEW ZEALAND 

DSIRnet 

2.4 

CENTRAL & SOUTH AMERICA 

multi-nation carinet 

CATIENET 

1.2 

1.2 - 2.4 

AFRICA 

MULTI-NATION 

CGNET 

1.2 - 2.4 

EGYPT 

ENTSTINET 

9.6 

TUNISIA 

Afrimail 

1.2 - 2.4 
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EXHIBIT 3-3. International Research Networks 
Summary By Coverage , Major Area & Link Speed 

Summary Groups # Of Networks Link SPEfl U 


BY COVERAGE 


Worldwide 6 

Continent-Wide 5 

Multi-Nation 7 

Single Nation 66 


1.2 - 11 
2.4 - 1544 
1.2 - 2000 
1.2 - 1544 


RV MAJOR GEOGRA PHICAL AREA 


Worldwide 6 

North America 8 

Europe 40 

Asia 16 

Australia/Pacific 8 

Central & South 4 

America 

Africa 3 


RY MAXIMUM LINK SPEED 


(Kbps) 

1.2 - 19.2 41 

48 - 768 30 

1544 or more 9 

N/A 4 


1 . 2-11 
1.2 - 1544 
1.2 - 1544 
1.2 - 1544 
2.4 - 512 
1.2 - 64 

1.2 - 9.6 
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SECTION 4 


UNITED STATES INTERNATIONAL RESEARCH 
NETWORK TRAFFIC FLOW 


4.1 OVERVIEW 

4.1.1 Purpose 

The purpose of this section is to provide estimates of the 
United States’ international research network connectivity 
requirements. The estimates are based on the current and future 
traffic flows, between the United States research networks described 

in a previous study (i.e., the U.S. Domestic Research Network Study) 

and the international research networks (i.e., those outside the 
United States) described in Section 3. The estimates of current and 

future traffic flows presented in this section will be used, along 
with information on recent changes in United States research networks 
and in National Research and Education Network (NREN) plans, to 
describe new current and future integrated research networks (IRNs). 
This section covers two major topics: the current international 

research network traffic flow, and the future international research 
network traffic flow. 

4.1.2 Approach 

Estimating the current and future traffic flows between United 
States and international research networks included the following 
activities: selecting the measure of traffic flow; identifying the 

current international links and specifying their speeds; determining 
the current link speeds of the selected international networks, 
estimating the future link speeds of these international networks; 
and projecting the future link speeds of the international links. 

Based on a review of information on the selected international 
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networks and on the international links, it was determined that 
installed capacity would be the best measure of traffic flow. As 
with the United States research networks, estimates of traffic loads 
or of peak hour traffic were not available for the international 
networks and for the international links. 


To identify the current United States-international links three 
activities were conducted. First, managers of the United States 
networks were asked to identify all of their links with research 
networks outside the United States. Next, information on the 
selected international networks was reviewed to identify links with 
the United States research networks. Lastly, records of 
international links were obtained from members of the Coordinating 
Committee For International Research Networks (CCIRN) and members of 
the FNC Engineering Planning Group (FEPG). These records served as 
the basis for the specification of the international links. The 
findings from the first two activities were used as supportive data. 


The current link speeds of the international links were obtained 
from the records on the international links. The current link speeds 
of the selected international networks were obtained from the 
international network descriptions presented in Section 3. The 
future links speeds of the international networks and of the 
international links were based on the future plans for these networks 
and links. The factors influencing the increase in link speeds are 

described below in the section on the future international traffic 
flow. 


4.2 CURRENT INTERNATIONAL TRAFFIC FLOW 

As noted above, the current traffic flow, between the United 
States research networks and the international networks was estimated 
by identifying and specifying the link speeds of the international 
links connecting these two groups of networks. That is, the 
installed capacity of these international links, along with the link 
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capacity of the selected international networks, was used to develop 
a picture of the current international traffic flow. 

4.2.1 Current United States-international Links 

The current United States-International links arc listed in 
Exhibits 4-1 and 4-2. In Exhibit 4-1, the links are organized by 

foreign country, while in Exhibit 4-2, the links are organized by 

United States city. In both exhibits, the following information is 
provided for each link: name of foreign city, name of United States 

city, name and purpose of United States network to which the link 
connects, and the speed of the link. 

4.2.1. 1. Current International Links By Foreign Country 

As indicated in Exhibit 4-1, there currently are 77 United 
States-international links that connect United States cities to 48 

cities in 18 countries. The numbers of links between the United 
States and each of the various countries, and cities within each 
country, are as follows: Canada-11/5 (i.c., 11 links, 5 cities), 

Mexico-4/3, France-11/6, Germany-1 3/6, United Kingdom-6/5, Other 
Europe- 15/11, Japan-7/3, Other Asia-2/2, Australia/Pacific-2/2, 
Central and South America-6/5, and Africa-0. As noted in the 
footnote to Exhibit 4-1, these links do not include any MILNET links 
or any unique CSNET links. 

4. 2.1. 2 Current International Links By United States City 

Exhibit 4-2 shows that these 77 United States-international 
links connect 22 United States cities to 48 cities outside the United 
States. Over half of the 77 links originate from two United States 
cities: Greenbclt, Md-29 NASA network links; Princeton, NJ-15 BITNET 

and NSFNET links. Only three other cities have at least three links 
originating from it: Chicago, IL-6 DOE links; Ithaca, NY-3 NSFNET 

links; and Honolulu, HI-4 NASA network links. The other 17 cities 
have either one or two international links. 
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EXHIBIT 4-1. US-INTERNATIONAL LINKS 

(Organized By Foreign Country) 


FOREIGN CITY 

NORTH AMERICA 
CANADA 
Edmonton, BC 
Montreal, QB 
Montreal, QB 
Ottawa, QB 
Ottawa, QB 
Ottawa, QB 
Toronto, ON 
Toronto, ON 
Toronto, ON 
Vancover.BC 
Vancover.BC 


EUROPE 

FRANCE 

Sophia 

Montepellier 

Montepellier 

Paris 

Paris 

Toulouse 

Toulouse 

Moudon (Paris Obs) 
Moudon (Paris Obs) 
Moudon (Paris Obs) 
Strasburg 

GERMANY 

Bonn 

Bonn 

Bonn 

Darmstadt 

Darmstadt 

Garching 

Garching 

Garching 

Heidelberg 

Max Plank 

Max Plank 

Oberfaf 

Oberfaf 


US CITY 


Princeton, NJ 
Princeton (JVNC), NJ 
Princeton, NJ 
Greenbelt (GSFC), MD 
Rochester, NY 
Princeton, NJ 
Chicago (FNAL), IL 
Ithaca (CNSC), NY 
Princeton, NJ 
Seattle (UofW), WA 
Seattle (UofW), WA 


Princeton, NJ 
Ithaca, NY 

New York (CUNY), NY 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Princeton, NJ 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


US NET. /PURPOSE 


BITNET, Acad Res 
NSFNET, Research 
BITNET, Acad Res 
SPAN/NASA Research 
NSFNET, Research 
BITNET, Acad Res 
ESNET/DOE HEP 
NSFNET, Research 
BITNET, Acad Res 
NSFNET, Research 
BITNET, Acad Res 


USAN Acad Research 
USAN Acad Research 
NSFNET, Acad Res 
BITNET, Acad Res 


NSFNET, Research 
NSFNET, Supercomput 
BITNET, Acad Res 
SPAN/NSN Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 


SPAN/NASA Research 
SPAN/NASA Research 
BITNET, Acad Res 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
ESNET/DOE Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NASA Research 
SPAN/NASA Research 


MEXICO 

Mexico City (UNAM) Boulder (NCAR), CO 

Antizapan (ITESM) Boulder (NCAR), CO 

Monterrey San Antonio, TX 

Monterrey San Antonio, TX 


LINK SPEED 
(Kbps) 


9.6 

56 

9.6 

56 

56 

9.6 

56 

56 

9.6 

19.2 (56) 
9.6 


64/128 

64/128 

9.6 

9.6 


64 

56 

56 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 (1995) 
56 (1996) 
9.6 


9.6 

56 

9.6 

19.2 

9.6 

56 

64 

9.6 

9.6 

9.6 

9.6 

56 (1995) 
9.6 
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EXHIBIT 4-1. US-INTERNATIONAL LINKS * 

(Organized By Foreign Country - Continued) 


FOREIGN CITY 

UNITED KINGDOM 
Abingdon 
Bristol 
London 
Malvern 
Oxford 
Oxford 

OTHER EUROPE 

ITALY 

Bologona 

Bologona 

Citta 

Frascati 

Frascati 

Frascati 

Pisa 

NETHERLANDS 

Hague 

Noordwijk 

Amsterdam 

NORWAY 

Oslo 

SWEDEN 

Stockholm 

SWITZERLAND 

Cern 

Geneva 

Geneva 

ASIA 

JAPAN 

Jaeri 

Nagoya 

Tokyo 

Tokyo 

Tokyo 

Tokyo 

Tokyo 

MALAYSIA 

Singapore 

SAUDI ARABIA 
Riyadh 


IJS CITY 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Princeton (JVNC), NJ 
Cambridge (BBN), MA 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


Chicago (FNAL), IL 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Arlington (DARPA).VA 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Falls Church, VA 


Seismo, Washington.DC 


Princeton (JVNC), NJ 


Ithaca, NY 

Cambridge (MIT), MA 
Chicago (FNAL), IL 


Lawrence (LLNL), CA 
Lawrence (LLNL), CA 
Berkeley (LBL), CA 
Washington, DC (NSF) 
Honolulu, HA 
Honolulu, HA 
Princeton, NJ 


Princeton, NJ 


Princeton, NJ 
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US NET. /PURPOSE 


SPAN/NASA Research 
SPAN/NASA Research 
NSFNET, Acad Res 
DRI/DARPA Research 
SPAN/NASA Research 
SPAN/NASA Research 


ESNET/DOE HEP 
ESNET/DOE HEP 
SPAN/NASA Research 
ESNET/DOE HEP 
SPAN/NASA Research 
SPAN/NASA Research 
DRI/DARPA Research 


SPAN/NASA Research 
SPAN/NASA Research 
EUNET, UNET 


DRI/DARPA Research 


NSFNET, Acad. Res. 


NSFNET, Supercomput 
ESNET/DOE HEP 
ESNET/DOE HEP 


ESNET/DOE HEP 
ESNET/DOE HEP 
ESNET/DOE HEP 
NSFNET Acad Res 
NSN/NASA Research 
NSN/NASA Research 
BITNET, Acad Res 


BITNET, Acad Res 


BITNET, Acad Res 


LINK SPEED 
(Kbps) 

56 

9.6 

56 

64 

56 

9.6 


9.6 

64 

9.6 

64 

56 

9.6 

64 


19.2 

9.6 

64 


64 


64 


1544 

256 

64 


9.6 

9.6 

56 

14.4 

64 

64 

9.6 


9.6 


9.6 


EXHIBIT 4-1. US-INTERNATIONAL LINKS * 

(Organized By Foreign Country - Continued) 


FOREIGN CITY 

AUSTRALIA/PACIFIC 

AUSTRALIA 

Melbourne 

NEW ZEALAND 
Hamilton 


BRAZIL 
Rio De Janeiro 
Rio De Janeiro 
Sao Paulo 

CHILE 
La Serena 
Santiago 

PUERTO RICO 
San Juan 


U s CITY 

US NET./PURPOsr 

LINK SPF.F.D 



(Kbps) 

Honolulu, HI 

NSN/NASA Research 

64 

Honolulu, HI 

NSN/NASA Research 

64 

ERICA 



Los Angeles, CA 

BITNET, Acad Res 

9.6 

Princeton, NJ 

BITNET, Acad Res 

9.6 

Princeton, NJ 

BITNET, Acad Res 

9.6 

Huntsville, AL 

SPAN/NASA Research 

56 

Princeton, NJ 

BITNET, Acad Res 

9.6 

Tampa, FL 

BITNET, Acad Res 

9.6 


1. CSNET has connections to 17 cities in 12 foreign countries lAustralH 
Canada, Finland, France, Germany-GFR, Israel, Japan, Korea New Zealand’ 

h Switzerland ’ V nited Kin «dom); CSNET uses cither dial-up or links 
listed above, so no new links are listed. p unKS 


2 . 


MH-NET has connections from 
Japan, Korea, Philippines, 
links, so they are not listed. 


13 U.S. cities to five 
and United Kingdom). 


countries (Germany- 
These are military 


Page 4-6 



EXHIBIT 4-2. US-INTERNATIONAL LINKS 

(Organized By United States (US) City) 


US CITY 


FOREIGN CITY 


ITS NFT./PURPOSE LINK SPEED 

(Kbps) 


Arlington (DARPA),VA 
Berkeley (LBL), CA 
Boulder (NCAR), CO 

Cambridge (BBN), MA 
Cambridge (MIT), MA 
Chicago (FNAL), IL 


Falls Church, VA 
Greenbelt (GSFC), MD 


OTHER EUROPE 
ITALY 
Pisa 


DRI/DARPA Research 64 


ESNET/DOE HEP 


ASIA 
JAPAN 
Tokyo 
NORTH AMERICA 
MEXICO 

MexicoCity(UNAM) US AN Acad Research 
AMi^naiiTTTFSMI USAN Acad Research 


56 

128/64 

128/64 


EUROPE 

UNITED KINGDOM 
Malvern 

OTHER EUROPE 
SWITZERLAND 
Geneva 

NORTH AMERICA 
CANADA 

Toronto, ON 
EUROPE 
GERMANY 
Garching 
OTHER EUROPE 
ITALY 

Bologona 

Bologona 

Frascati 

SWITZERLAND 

Geneva 

OTHER EUROPE 
NETHERLANDS 
Amsterdam 
NORTH AMERICA 
CANADA 

Ottawa, QB 
EUROPE 
FRANCE 
Paris 
Paris 
Toulouse 
Toulouse 

Moudon (ParisObs) 
Moudon (ParisObs) 
Moudon (ParisObs) 
Strasburg 
GERMANY 
Bonn 
Bonn 


DRI/DARPA Research 

64 

ESNET/DOE HEP 

256 

ESNET/DOE HEP 

56 

ESNET/DOE Research 

64 

ESNET/DOE HEP 

9.6 

ESNET/DOE HEP 

64 

ESNET/DOE HEP 

64 

ESNET/DOE HEP 

64 

EUNET, UNET 

64 

SPAN/NASA Research 

56 

SPAN/NSN Research 

9.6 

SPAN/NASA Research 

9.6 

SPAN/NASA Research 

9.6 

SPAN/NASA Research 

9.6 

SPAN/NASA Research 

9.6 

SPAN/NASA Research 

9.6 (1995) 

SPAN/NASA Research 

56 (1996) 

SPAN/NASA Research 

9.6 

SPAN/NASA Research 

9.6 

SPAN/NASA Research 

56 
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EX ,HIBIT 4-2. US-INTERNATIONAL LINKS 

(Organized B, United States (US) Cit, - Continued) 


US CITY 

Greenbelt (GSFC), MD 
(Continued) 


Honolulu, HI 


FOREIGN CITY 

EUROPE 
GERMANY 
Darmstadt 
Darmstadt 
Garching 
Garching 
Heidelberg 
Max Plank 
Max Plank 
Oberfaf 
Oberfaf 

UNITED KINGDOM 
Abingdon 
Bristol 
Oxford 
Oxford 

OTHER EUROPE 
ITALY 
Citta 
Frascati 
Frascati 

NETHERLANDS 

Hague 

Noordwijk 

ASIA 

JAPAN 


US NET./PURPQSF LINK SPFrn 

(Kbps) 


SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NSN Research 
SPAN/NASA Research 
SPAN/NASA Research 


19.2 

9.6 

56 

9.6 

9.6 

9.6 

9.6 

56 (1995) 
9.6 


SPAN/NASA Research 56 
SPAN/NASA Research 9.6 
SPAN/NASA Research 56 
SPAN/NASA Research 9.6 


SPAN/NASA Research 9.6 
SPAN/NASA Research 56 
SPAN/NASA Research 9.6 

SPAN/NASA Research 19.2 
SPAN/NASA Research 9.6 


Huntsville, AL 


Ithaca, NY 


NSN/NASA Research 
NSN/NASA Research 


NSN/NASA Research 

NSN/NASA Research 
SOUTH AMERICA 


Tokyo 

Tokyo 

AUSTRALIA/PACIFIC 
AUSTRALIA 
Melbourne 
NEW ZEALAND 
Hamilton 
CENTRAL & 

CHILE 
La Serena 
NORTH AMERICA 
CANADA 
Toronto, ON 
EUROPE 
FRANCE 


SPAN/NASA Research 
NSFNET, Research 


64 

64 

64 

64 

56 

56 


Montpellier 
OTHER EUROPE 
SWITZERLAND 

, Cern 

Lawrence (LLNL), CA ASIA 

JAPAN 

Jaeri 

Nagoya 


NSFNET, Supercomput. 56 

NSFNET, Supercomput 1544 

ESNET/DOE HEP 9 6 

ESNET/DOE HEP 9 6 
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EXHIBIT 4-2. US-INTERNATIONAL LINKS 

(Organized By United States (US) City - Continued) 


us CITY 



LINK SPEED 
(Kbps) 

Los Angeles, CA 

CENTRAL & SOUTH AMERICA 
BRAZIL 


New York (CUNY), NY 

Rio Dc Janeiro 
EUROPE 
FRANCE 

BITNET, Acad Res 

9.6 

Princeton, NJ 

Montepellier 
NORTH AMERICA 
CANADA 

BITNET, Acad Res 

56 


Edmonton, BC 

BITNET, Acad Res 

9.6 


Toronto, ON 

BITNET, Acad Res 

9.6 


Montreal, QB 

BITNET, Acad Res 

9.6 


Ottawa, QB 
EUROPE 
FRANCE 

BITNET, Acad Res 

9.6 


Sophia 

GERMANY 

NSFNET, Research 

64 


Bonn 

ASIA 

JAPAN 

BITNET, Acad Res 

9.6 


Tokyo 

MALAYSIA 

BITNET, Acad Res 

9.6 


Singapore 
SAUDI ARABIA 

BITNET, Acad Res 

9.6 


Riyadh BITNET, Acad Res 

CENTRAL & SOUTH AMERICA 
BRAZIL 

9.6 


Rio De Janeiro 

BITNET, Acad Res 

9.6 


Sao Paulo 
CHILE 

BITNET, Acad Res 

9.6 

Princeton (JVNC), NJ 

Santiago 

NORTH AMERICA 
CANADA 

BITNET, Acad Res 

9.6 


Montreal, QB 
EUROPE 

UNITED KINGDOM 

NSFNET, Research 

56 


London 

OTHER EUROPE 
SWEDEN 

NSFNET, Acad Res 

56 

Rochester, NY 

Stockholm 
NORTH AMERICA 
CANADA 

NSFNET, Acad. Res. 

64 

San Antonio, TX 

Ottawa, QB 
NORTH AMERICA 
MEXICO 

NSFNET, Research 

56 


Monterrey 

NSFNET, Acad Res 

9.6 

Seattle (UofW), WA 

Monterrey 
NORTH AMERICA 
CANADA 

BITNET, Acad Res 

9.6 


Vancover,BC 

NSFNET, Research 

19.2 (56) 


Vancover,BC 
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EXHIBIT 4-2. US-INTERNATIONAL LINKS 

(Organized By United States (US) City - Continued) 


I 

m 

■ Mill ■ llnl^ 

mi i ■ i iiii mm-M 


Seismo, Washington, DC 

OTHER EUROPE 
NORWAY 
Oslo 

DRI/DARPA Research 

(Kbps) 

64 

Tampa, FL 

CENTRAL & SOUTH AMERICA 



PUERTO RICO 
San Juan 

BITNET, Acad Res 

9.6 

Washington, DC (NSF) 

ASIA 

JAPAN 

Tokyo 

NSFNET Acad Res 

14.4 
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4.2.1.3 Current U.S.-International Links By U.S. Networks 


The numbers of links from each of the United States networks are 
as follows: SPAN/NSN-34, BITNET-16, NSFNET-13, ESNET-10, DRI-3, and 
EUNET-1. That is, about 45% of the links are NASA network links. 


4.2.1.4 Current U.S.-International Links By Link Speed 


The speeds of these international links range from 9.6 Kbps to 
1.544 Mbps. The information in parentheses following the link speed 
for several international links refers to cither the installation 
data (i.c., the link has not yet been installed) or a planned link 
speed (i.e., a higher link speed about to be installed). The numbers 

of links by speed are as follows: 

l ink Sneed (Kbps) Npnjfryr of Uttk* 


9.6 

38 

14.4/19.2 

4 

56/64 

31 

128 

2 

256 

1 

1544 

1 


Thus, over half of the links are 19.2 Kbps or slower, and there 
currently is only one T- 1 international link. 

4.2.2 Current International Network Link Speeds 

As noted earlier, in addition to information on the current 
United States-international links, information on the current link 
speeds of the selected international networks was needed to develop a 
picture of the international traffic flow. The current link speeds 
of the selected international networks were presented in Section 3 
(See Exhibit 3-2 and 3-3). The information on current international 
links and networks is used in the following section to develop 
projections of the future international traffic flow. It also will 

be used, with information on changes in United States networks, to 

describe, in Section 6, a new Current IRN. 
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4.3 FUTURE INTERNATIONAL TRAFFIC FLOW 

The future international traffic is anticipated to grow because 
of growth in the international networks. The growth will be in the 
number of networks as well as in the capacities of networks. 
Therefore, to estimate the future international traffic flow, 
projections were made of the future link speeds of the international 
networks the international links. These projections were based on 

four sources of information: CCIRN drafted policy, FEPG proposed 

policy, CCIRN perspective on worldwide research network requirements, 
and major factors affecting international network requirements. 
These four groups of information and the guidelines for developing 
projections are described below. Then the projections of the speeds 

of the international networks and of the United States-intcrnational 
links are presented. 

4.3.1 Basis For Projecting International Traffic Flow 

As noted above, the projection of international traffic flow was 
based on CCIRN drafted policy, FEPG proposed policy, CCIRN 
perspective on worldwide reserch network requirements, and major 
factors affecting international network requirements. These topics 
are described below. 

4.3.1. 1 CCIRN Policy 

Of special significance to the current study is a recently 
drafted CCIRN policy on intercontinental leased lines. The following 
are the key points of this policy: 

1. The CCIRN considers that improved coordination of the ordering 
and operation of intercontinental leased lines will have 
significant benefits in terms of cost savings and improved 
service levels for the research community. 


2. It expects its members to inform and consult the CCIRN on the 
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future plans of the organizations, which they represent, in 
respect to the statement in "1." The CCIRN expects proposals for 
new leased lines to take account of the following guidelines: 

a. Leased lines should be shared to the extent that this is 

permitted by applicable and international regulations and the 
policies of the funding organizations. 

b. To the extent that intercontinental links are considered 

"infrastructural" there should be an equitable sharing of 
costs; to the extent that links are established for specific 

projects, they should be funded by those projects. 

c. Links that arc used for infrastructural purposes should be 
connected at the highest appropriate level in the network 
hierarchy. 

d. The proposal should include a technical review of the effect 
the link is expected to have on the interconnected networks. 

e. Operation of the links should be on the basis of an agreed 

written document. Day-to-day management should be the 

responsibility of a single organization if possible and 

appropriate. 

4.3. 1.2 FEPG Proposed Policy 

A similar policy was recently proposed by the FEPG, which was 

set up to assist the FNC in translating its policy goals into 
technical programs that can be implemented. The FEPG policy was 
developed in parallel with that developed by the CCIRN and was 

developed because of the need for better management and support. 

Such support has been difficult because of the large distances 
involved, the need to work with a number of carriers, time zone 
differences, language barriers, and lack of a shared culture. 

The following are the proposed FEPG guidelines for 
U.S./international connections: 

1. The U.S. side should connect to an agency backbone network to 
avoid multi-administration problems. 
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2. There should be one primary link between any two countries. 

3. Administration should include 24-hour 7-day coverage on both 
sides, a power supply that cannot be interrupted, and agreement 
to a single management of components on each end. 

4.3. 1.3 CCIRN Worldwide Perspective 

The CCIRN envisions a worldwide research network that ultimately 
will provide high speed, high quality service to researchers 
throughout the world. While there is worldwide connectivity today, 
the quality of this service varies tremendously from region to region 
and country to country within regions. 

The future topology of the worldwide research network is 
expected to be similar to the United States’ NSFNET which has a 
backbone, regional networks and local area networks. For the 
worldwide network topology, the backbone would connect countries, the 
regionals would be the country networks, and the local networks would 
be networks connected to a backbone within a country. 

An example of efforts leading to such a worldwide topology is a 
RARE proposed IXI Project which would provide improved services 

throughout Europe. A proposed backbone for this IXI Project would 
connect the Netherlands with Switzerland, using two 2 Mbps backbone 

links. Switzerland, in turn, would have 64 Kbps links to networks 

within Switzerland and to networks in countries such as Austria, 

Greece, Italy, Spain, and France. Similarly, the Netherlands would 
have 64 Kbps links to networks in the Netherlands and 64 Kbps or 2 
Mbps links to networks in the Scandinavian countries, Germany, 
Brussels, Luxembourg, Ireland and the United Kingdom. This is only 
one of several possible topologies for an improved European network. 
The United States likely would have T-l connections to the United 
Kingdom, Germany and Switzerland. 
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4.3.1.4 Factors Affecting Link Speeds & Connectivity 


In addition to these events, noted above and taking place at the 
international level, several major factors will influence the 
requirements for increased link speeds and services for each of the 
international networks described in Section 3 and for the 
international links described above in Section 4.2. These factors 
include those related to an increase in cooperative worldwide efforts 
and to an increase in sophistication in environmental, energy, 
medical and space studies. The following are some examples: 

1. The ever increasing globalization of the impacts of each nation’s 
activities will encourage more worldwide cooperation and will 
lead to increased network requirements. 

2. The recent breakdown of barriers with Eastern Block countries 
will stimulate a need for more and better research networks among 
all nations. 

3. The general increase in multi-nation research efforts for a wide 
variety of reasons including both business and government goals. 

4. The increase in network requirements for long-term environmental 
research (LTER) efforts having worldwide implications and 
requiring worldwide cooperation. 

5. The increase in network requirements for space research. 
including that involving deep space projects and the Earth 
Observing System Platforms projects, many of which will involve 
researchers worldwide. 

6. The increase in network requirements for medical research, e.g., 
for the human genome experiments involving the mapping of genes. 

7. The increase in network requirements for energy research. 
especially that involving new energy sources and their impacts on 
the environment. 
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8. The current, ongoing network t echnology research and develnnmcnf 
in the United States and other highly industrialized countries 
will encourage network development in other countries. 

4.3. 1.5 Summary Of Basis For Link Speed Projections 

The future link speeds for the selected international networks 
and for the international links are based on the following 
expectations which reflect the events and trends discussed above: 

1 • Int ernational organizations like the CCIRN will encourage 
worldwide network development and coordination. 

2. World events are leading to an increase in multi-nation and even 
8 ,obal cooperative research efforts which will require increased 
connectivity. 

3. Specific research in the areas of the environment, energy. 
PiedlCIPC — and — space are demanding more advanced network f unctions 
and new network applications. 

N ctwprk — technology — research and development will encourage and 
facilitate network development worldwide. 

4.3.2 Guidelines For Projecting Future Link Speeds 

Projections for the future link speeds for the international 
networks and the international links are presented below. First, the 

guidelines used to develop these projections are outlined. These 
guidelines were based on the events and trends summarized above. 

4.3.2.1 Guidelines For Projecting International Network Link Speed 

The following guidelines were used when projecting the future 
link speeds of the international networks: 
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1. All nations, currently represented by the list of selected 

international networks, will eventually move toward a nationwide 
research network. 

2. The link speeds of the backbones of these nationwide networks 

will progress from the networks current speeds, ranging from 9.6 
Kbps to 64 Kbps, to higher speeds, ranging from 45 Mbps to 5 
Gbps; for most networks this progression would involve 
intermediate steps at various slower link speeds including: 64 

Kbps, 1.544 Mbps, 45/90 Mbps, 274/564 Mbps, and 1 Gbps. 

3. Only the backbone of these nationwide networks will be projected 
in this section. 

4. While many nations, currently not represented by the list of 

selected international networks, are expected to develop networks 
sometime in the future, they will not be considered in this 

section. When describing the new Future IRN in Section 6, such 
future development will be considered. 

4.3. 2.2 Guidelines For Projecting Speeds Of International Links 

The following guidelines were used when projecting the future 

speeds of the United States-international links: 

1. The United States-international links will be consolidated. 

2. The speeds of these consolidated links will progress from their 

initial speeds in 1991 of 9.6 Kbps-1.544 Mbps to 2010 speeds of 
45 Mbps-5 Gbps; for most consolidated links, this progression 
will involve intermediate steps at various slower link speeds 
including: 64 Kbps, 1.544 Mbps, 45/90 Mbps, 274/564 Mbps, and 1 

Gbps. 

3. Only the consolidated links will be projected in this section. 

4. While new links will be established to provide connectivity with 
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nations, currently not represented by the list of selected 
international networks bn, which are expected to develop networks 
sometime in the future, these possible future links will not be 
considered in this section. However, they will be considered 
when describing the new Future IRN in Section 6. 

4.3.3 Projections Of International Network Link Speeds 

Projections have been developed for 1991, 1996, 2000 and 2010 
These benchmark years were selected so that these international 
projections could be used with the information developed in the 
previous U.S. Domestic Research Network Study. 


4.3.3.1 


1991 Projections Of International Network Link Speeds 


The 1991 projected link speeds for the interna, ioual research 
networks are presented in Exhibit 4-3 and summarized in Exhibit 4-4 
As explained in the guidelines outlined above, only one link speed is 
projected for each location (i.e„ nation, multi-n.tion, continent 
or world), and this link speed is for the backbone for the location’ 

total of 36 projections were made for 1991 and for each of the 

later benchmark years which are discussed below. 

ppears that most of the international networks are several 

years behind the United States in terms of network link speed As 
indicated ,n Exhibit 4-3, in 1991, backbone link speeds range from 

*6 Kbps to 1.544 Mbps. Exhibit 4.4 shows that, in ,991. about half 
o the international networks are expected to have only a 9.6 Kbps 
backbone, about one-third are expected to have a 64 Kbps backbone, 

and only about one-seventh are projected to have a 1.544 Mbps 
backbone. H 


The impetus for the four 1.544 Mbps backbones are cooperative 
efforts between the United States and Japan and similar efforts among 
European nations. The United States/Japan efforts win stimulate the 

development of Japan's 1.544 backbone and the Aus.ralia/Pacific 
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EXHIBIT 4-3. 1991 Projected Link Speeds 
International Research Networks 


Location 


WORLDWIDE Networks 

NORTH AMERICA 
Canada 

Mexico 


Link Sneeris 


9.6 Kbps 

64 Kbps 
64 Kbps 


EUROPE 

Continent-Wide Nets. 

Multi-Nation Nets. 

France 

Germany 

United Kingdom 

OTHER EUROPE 
Austria 

Denmark 

Finland 

Iceland 

Ireland 

Italy 

Netherlands 
Norway 
Soviet Union 
Spain 
Sweden 
Switzerland 
Yugoslavia 
ASIA 

Multi-Nation Nets. 


1.544 Mbps 
1.544 Mbps 
64 Kbps 
64 Kbps 
64 Kbps 

9.6 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 
64 Kbps 
64 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 
9.6 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 

9.6 Kbps 
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EXHIBIT 4-3. 1991 Projected Link Speeds 
International Research Networks 

(Continued) 

Location link Swel ls 


ASIA (Continued) 
Japan 

1.544 Mbps 

Hong Kong 

9.6 Kbps 

India 

9.6 Kbps 

Indonesia 

9.6 Kbps 

Israel 

9.6 Kbps 

Korea 

1.544 Mbps 

Malaysia 

9.6 Kbps 

Thailand 

9.6 Kbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

1.544 Mbps 

Australia 

9.6 Kbps 

New Zealand 

9.6 Kbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

9.6 Kbps 

AFRICA 

Multi-Nation Nets. 

9.6 Kbps 

Egypt 

9.6 Kbps 

Tunisia 

9.6 Kbps 
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EXHIBIT 4-4. Summary-1991 Link Speeds 
International Research Networks 


Summary Groups 

# Of Networks 

Link Sneeds 

BY COVERAGE 



Worldwide 

1 

9.6 Kbps 

Continent-Wide 

1 

1.544 Mbps 

Multi-Nation 

5 

9.6 Kbps - 1.544 Mbps 

Single Nation 

29 

9.6 Kbps - 1.544 Mbps 

BY MAJOR GEOGRAPHICAL AREA 


Worldwide 

1 

9.6 Kbps 

North America 

2 

64 Kbps 

Europe 

18 

9.6 Kbps - 1.544 Mbps 

Asia 

8 

9.6 Kbps - 1.544 Mbps 

Australia/Pacific 

3 

9.6 Kbps - 1.544 Mbps 

Central & South 
America 

1 

9.6 Kbps 

Africa 

3 

9.6 Kbps 

BY LINK SPEED 



9.6 Kbps 

18 


64 Kbps 

13 


1.544 Mbps 

5 
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multi-nation PACCOM 1.544 backbone. Two cooperative efforts in 
Europe, the IXI Project and NorduNet, will stimulate both continent- 
wide and multi-nation 1.544 backbones in Europe. 

4.3.3.2 1996 Projections Of International Network Link Speeds 

The 1996 projected link speeds for the international research 
networks are presented in Exhibit 4-5 and summarized in Exhibit 4.6. 
The same 36 locations (i.e., nation, multi-nation, continent, or 
world) used to project 1991 link speeds are used for 1996. 

As indicated in Exhibit 4-5, in 1996, backbone link speeds range 
from 64 Kbps to 45 Mbps. Exhibit 4-6 shows that, in 1996, about 
thirty percent the international networks are expected to have a 64 
Kbps backbone, about thirty percent are expected to have a 1.544 Mbps 
backbone, and about forty percent are projected to have a 45 Mbps 
backbone. 

It appears that some of the international networks are catching 
up somewhat with the United States in terms of network link speed. 
That is, in 1991 most international network backbones were either 9.6 
Kbps or 64 Kbps, compared with the United States’ 45 Mbps backbone; 
in 1996, over a third of the international networks are projected to 
have a 45 Mbps backbone compared with the United States projected 1 
Gbps backbone. 

4.3.3.3 2000 Projections Of International Network Link Speeds 

The 2000 projected link speeds for the international research 
networks are presented in Exhibit 4-7 and summarized in Exhibit 4-8. 
The same 36 locations (i.e., nation, multi-nation, continent, or 
world) used to project 1991 and 1996 link speeds are used for 2000. 

As indicated in Exhibit 4-7, in 2000, backbone link speeds range 
from 1.544 Mbps to 1 Gbps. Exhibit 4-8 shows that, in 2000, about 
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EXHIBIT 4-5. 1996 Projected Link Speeds 
International Research Networks 

Location Link SPEEDS 


WORLDWIDE Networks 

1.544 Mbps 

NORTH AMERICA 
Canada 

45 Mbps 

Mexico 

1.544 Mbps 

EUROPE 

Continent-Wide Nets. 

45 Mbps 

Multi-Nation Nets. 

45 Mbps 

France 

45 Mbps 

Germany 

45 Mbps 

United Kingdom 

45 Mbps 

OTHER EUROPE 
Austria 

1.544 Mbps 

Denmark 

45 Mbps 

Finland 

1.544 Mbps 

Iceland 

1.544 Mbps 

Ireland 

1.544 Mbps 

Italy 

45 Mbps 

Netherlands 

45 Mbps 

Norway 

45 Mbps 

Soviet Union 

1.544 Mbps 

Spain 

1.544 Mbps 

Sweden 

45 Mbps 

Switzerland 

45 Mbps 

Yugoslavia 

64 Kbps 

ASIA 

Multi-Nation Nets. 

64 Kbps 
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EXHIBIT 4-5. 1996 Projected Link Speeds 
International Research Networks 

(Continued) 


Location 

Link Sneeds 

ASIA (Continued) 
Japan 

45 Mbps 

Hong Kong 

64 Kbps 

India 

64 Kbps 

Indonesia 

64 Kbps 

Israel 

64 Kbps 

Korea 

1.544 Mbps 

Malaysia 

64 Kbps 

Thailand 

64 Kbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

45 Mbps 

Australia 

1.544 Mbps 

New Zealand 

1.544 Mbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

64 Kbps 

AFRICA 

Multi-Nation Nets. 

64 Kbps 

Egypt 

64 Kbps 

Tunisia 

64 Kbps 
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EXHIBIT 4-6. Summary-1996 Link Speeds 
International Research Networks 

Summary Groups # Qf Nyfwprk s SPEEflS — 


BY COVERAGE 


Worldwide 1 

Continent-Wide 1 

Multi-Nation 5 

Single Nation 29 


1.544 Mbps 
45 Mbps 

64 Kbps - 45 Mbps 
64 Kbps - 45 Mbps 


BY MAJOR GEOGR APHICAL AREA 


Worldwide 1 

North America 2 

Europe 18 

Asia 8 

Australia/Pacific 3 

Central & South 1 

America 

Africa 3 


BY LTNK SPEED 
64 Kbps 1 1 

1.544 Mbps 11 

45 Mbps I 4 


1.544 Mbps 

1.544 Mbps - 45 Mbps 
64 Kbps - 45 Mbps 
64 Kbps - 45 Mbps 
1.544 Mbps - 45 Mbps 
64 Kbps 

64 Kbps 
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EXHIBIT 4-7. 2000 Projected Link Speeds 

International Research Networks 

Location 

Link Sneeds 

WORLDWIDE Networks 

45 Mbps 

NORTH AMERICA 
Canada 

1 Gbps 

Mexico 

45 Mbps 

EUROPE 

Continent-Wide Nets. 

1 Gbps 

Multi-Nation Nets. 

1 Gbps 

France 

1 Gbps 

Germany 

1 Gbps 

United Kingdom 

1 Gbps 

OTHER EUROPE 
Austria 

45 Mbps 

Denmark 

1 Gbps 

Finland 

45 Mbps 

Iceland 

45 Mbps 

Ireland 

45 Mbps 

Italy 

1 Gbps 

Netherlands 

1 Gbps 

Norway 

1 Gbps 

Soviet Union 

45 Mbps 

Spain 

45 Mbps 

Sweden 

1 Gbps 

Switzerland 

1 Gbps 

Yugoslavia 

1.544 Mbps 

ASIA 

Multi-Nation Nets. 

1.544 Mbps 
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EXHIBIT 4-7. 2000 Projected Link Speeds 
International Research Networks 

(Continued) 


Locatipp 

ASIA (Continued) 
Japan 


Link 


I Gbps 


Hong Kong 

India 

Indonesia 

Israel 

Korea 

Malaysia 

Thailand 

australia/pacific 

Multi-Nation Nets. 


Australia 

New Zealand 

CENTRAL & SOUTH 
Multi-Nation Nets. 


AMERICA 


AFRICA 

Multi-Nation Nets. 


Egypt 


Tunisia 


1.544 Mbps 
1.544 Mbps 
1.544 Mbps 
1 544 Mbps 
45 Mbps 
1.544 Mbps 
1.544 Mbps 

1 Gbps 
45 Mbps 
45 Mbps 

1.544 Mbps 

1.544 Mbps 
1 544 Mbps 
1.544 Mbps 
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EXHIBIT 4-8. Summary-2000 Link Speeds 
International Research Networks 


Summary Ground 


» Qj Networks 


Link Speeds 


py roVF.RAGE 
Worldwide 
Continent-Wide 
Multi-Nation 
Single Nation 


45 Mbps 
1 Gbps 
1.544 Mbps - 
1.544 Mbps - 


py MA JOR Q £QQEA£M1£AL AREA 



1 

45 Mbps 

Worldwide 


North America 

2 

45 Mbps - 1 


18 

1.544 Mbps ■ 

Europe 

1.544 Mbps 

8 

Asia 


Australia/Pacific 

3 

45 Mbps - 1 


1 

1.544 Mbps 

Central & South 


America 


1.544 Kbps 

Africa 

3 


py i |NK SPEED 



1.544 Mbps 

n 


45 Mbps 

n 


1 Gbps 

14 



1 Gbps 
1 Gbps 


Gbps 
■ 1 Gbps 
- 1 Gbps 
Gbps 
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thirty percent of the international networks -are expected to have a 
1.544 Mbps backbone, about thirty percent are expected to have a 45 
Mbps backbone, and about forty percent are projected to have a 1 Gbps 

backbone. 

Many of the international networks continue to eatch up somewhat 
with the United States in terms of network link speed. In 1996, the 
most advance international networks had 45 Mbps backbones, compared 
with the United States' projected 1 Gbps backbone; in 2000, over a 
third of the international networks are projected to have a 1 G p 
backbone compared with the United States projected 5 Gbps backbone. 


4.3. 3. 4 2010 Projections Of International Network Link Speeds 


The 2010 projected link speeds for the international research 
networks are presented in Exhibit 4-9 and summarized tn Exh.b,. 
4-10 The same 36 locations <i.e„ nation, multi-nat.on, cont.nent, 
or world) used to project 1991, 1996 and 2000 link speeds are used 

for 2010. 


A, indicated in Exhibit 4-9, in 2010, backbone link speeds range 
from 45 Mbps to 5 Gbps. Exhibit 4-10 shows that, in 2010, about 
thirty percent of the international networks are expected to have a 
45 Mbps backbone, about thirty percent are expected to have a 1 Gbps 
backbone, and about forty percent are projected to have a 5 Gbps 

backbone. 


In 2010 the most advance international networks are projected to 
have a 5 Gbps backbone compared with the United States projected 25 

Gbps backbone. 


4.3.4 Projections Of Speeds Of U.S.-International Links 

As with the projection of international network link speeds, 
projections of the speeds of the United S.a.es-in.erna.ional l.nks 

have been developed for 1991, 1996, 2000 and 2010. 
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EXHIBIT 4-9. 2010 Projected Link Speeds 
International Research Networks 


Location 

J # | y| lr CfiAAil c* 

WORLDWIDE Networks 

1 Gbps 

NORTH AMERICA 


Canada 

5 Gbps 

Mexico 



1 Gbps 

EUROPE 


Continent-Wide Nets. 

5 Gbps 

Multi-Nation Nets. 

5 Gbps 

France 



5 Gbps 

Germany 

5 Gbps 

United Kingdom 

5 Gbps 

OTHER EUROPE 


Austria 



1 Gbps 

Denmark 

5 Gbps 

Finland 



1 Gbps 

Iceland 



1 Gbps 

Ireland 



1 Gbps 

Italy 

5 Gbps 

Netherlands 

5 Gbps 

Norway 

5 Gbps 

Soviet Union 

1 Gbps 

Spain 



1 Gbps 

Sweden 



5 Gbps 

Switzerland 

5 Gbps 

Yugoslavia 

45 Mbps 

ASIA 


Multi-Nation Nets. 

45 Mbps 
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EXHIBIT 4-9. 2010 Projected Link Speeds 
International Research Networks 

(Continued) 


Location 

Link Sneeds 

ASIA (Continued) 
Japan 

5 Gbps 

Hong Kong 

45 Mbps 

India 

45 Mbps 

Indonesia 

45 Mbps 

Israel 

45 Mbps 

Korea 

1 Gbps 

Malaysia 

45 Mbps 

Thailand 

45 Mbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

5 Gbps 

Australia 

1 Gbps 

New Zealand 

1 Gbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

45 Mbps 

AFRICA 

Multi-Nation Nets. 

45 Mbps 

Egypt 

45 Mbps 

Tunisia 

45 Mbps 
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EXHIBIT 4-10. Summary-2010 Link Speeds 
International Research Networks 


Summary Groups 
BY COVERAGE 
Worldwide 
Continent-Wide 
Multi-Nation 
Single Nation 


Worldwide 
North America 
Europe 
Asia 

Australia/Pacific 

Central & South 
America 

Africa 

BY LINK SPEED 
45 Mbps 
1 Gbps 
5 Gbps 


# Of Networks 

1 

1 

5 

29 


18 

8 

3 

1 

3 

11 

11 

14 


Link Sneeds 

1 Gbps 
5 Gbps 

45 Mbps - 5 Gbps 
45 Mbps - 5 Gbps 

1 Gbps 

1 Gbps - 5 Gbps 
45 Mbps - 5 Gbps 
45 Mbps - 5 Gbps 
1 Gbps - 5 Gbps 
45 Mbps 

45 mbps 


BY MAJOR GEOGRAPHICAL AREA 

1 
2 
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4.3.4.1 1991 Projections Of Speeds Of U.S.-Intern*tionnl Links 

As indicated earlier in Exhibits 4-1 and 4-2, currently there are 
77 United States-international links connecting 22 United States 
cities to 48 foreign cities in 18 countries. When projecting the 
1991 speeds of the United States-international links, it was assumed 
that these links would be consolidated. It also was assumed that 
network development in each foreign country would be sufficiently 
advanced to permit effective indirect access to foreign cities no 
longer (i.e., after link consolidation) directly linked to the United 

States cities. The results of this consolidation and the 1991 link 
speed projections are presented in Exhibit 4-11. 

As indicated in Exhibit 4-11, the number of international links, 
the number of United States cities, and the number of foreign cities 
have been reduced significantly. The only constant is the number of 
foreign countries. The number of international links has been 

reduced from 77 to 20. As proposed by the CCIRN and the FEPG, there 
is only one major link to each foreign country, except in the cases 
of Canada and Mexico, for which there are two links because they are 
neighbors of the United States. The number of United States cities 

has been reduced from 22 to seven. The number of foreign cities has 
been reduced from 48 to 20. 

The projections of the 1991 links speeds were based on the 
following: the current number and speeds of links to each foreign 

country; the 1991 projected link speed of the backbone of the network 

in each foreign country; and the policies proposed by various 

organizations concerned with international traffic. As indicated in 
Exhibit 4-11, the projected 1991 link speeds of the new 20 
international links range from 9.6 Kbps to 1.544 Mbps. About 40 
percent of these links are expected to operate at 1.544 Mbps, about 
40 percent at 64/128 Kbps, and about 20 percent at 9.6 Kbps. As 
noted earlier, the range of the link speeds of the current 77 
international links is the same but the percentages of these 77 links 
at each speed, are much different (i.e., 2% at 256 Kbps-1.544 Mbps, 
43% at 56-64 Kbps, and 55% at 9.6-19.2 Kbps). 
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EXHIBIT 4-11. 1991 Projected Link Speeds 
U.S.-International Links 


U.S. Cltv 

Foreign Citv/Cn»ntrv 

Link Sneed 

Chicago, IL 

Toronto, Canada 

1.544 Mbps 

Ithaca, NY 

Montpellier, France 

1.544 Mbps 


Cern, Switzerland 

1.544 Mbps 

Princeton, NJ 

Bonn, Germany 

1.544 Mbps 


Stockholm, Sweden 

64 Kbps 


Rio De Janeiro, Brazil 

64 Kbps 


La Serena, Chile 

64 Kbps 


Singapore, Malaysia 

9.6 Kbps 


Riyadh, Saudi Arabia 

9.6 Kbps 

Green belt, MD 

Ottawa, Canada 

1.544 Mbps 


Oxford, United Kingdom 

1.544 Mbps 


Franscati, Italy 

1.544 Mbps 


Amsterdam, Netherlands 

64 Kbps 


Oslo, Norway 

64 Kbps 

Boulder, CO 

Mexico City, Mexico 

128 Kbps 

Austin, TX 

Monterrey, Mexico 

9.6 Kbps 


San Juan, Puerto Rico 

9.6 Kbps 

Honolulu 

Tokyo, Japan 

1.544 Mbps 


Melbourne, Australia 

64 Kbps 


Hamilton, New Zealand 

64 Kbps 
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Thus, the consolidation of United States-international links will 
make it possible to provide, in 1991, better service between the 
United States and many of the foreign countries. Improved service to 
some countries will not be possible yet, because of the limited 
number of links to those countries (e.g., Malaysia). As neighbors of 
those countries develop their networks and acquire a need to connect 
to United States networks, consolidation and the resulting improved 
service will be more feasible. This development of new networks in 

foreign countries will be considered in Section 6. 

4.3.4.2 1996 Projections Of Speeds Of U.S. International Links 

When projecting the 1991 speeds of the United States- 
international links, it was assumed that the consolidation that had 
taken place in 1991 would remain the same. That is, the number of 
links, the number of United States cities, and the number of foreign 
cities/countries were projected to remain the same in 1996 as they 
were in 1991. 


It is quite possible that by 1996, two important events might 

have occurred. Firstly, new international networks might have been 

developed in various foreign countries, requiring new connectivity 
with the United States. Secondly, continent-wide networks might have 

been expanded (e.g., in Europe) permitting indirect access to foreign 
countries which now are linked directly with the United States (e.g., 

Norway). Both of these possible events will be considered in Section 

6, when the new IRNs are described. 


The projections of the 1996 links speeds were based on factors 
similar to those used for projecting 1991 link speeds: the 1991 

speeds of links to each foreign country; the 1996 projected link 
speed of the backbone of the network in each foreign country; and the 
policies proposed by various organizations concerned with 
international traffic. As indicated in Exhibit 4-12, the projected 
1996 link speeds of the new 20 international links range from 64 Kbps 
to 45 Mbps. About 55 percent of these links are expected to operate 

at 45 Mbps, 30 percent at 1.544 Mbps, and 15 at 64 Kbps. 
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EXHIBIT 4-12. 1996 Projected Link Speeds 
U.S. -International Links 


1LS, City 

Egreien Cltv/Countrv 

Link Speed 

Chicago, IL 

Toronto, Canada 

45 Mbps 

Ithaca, NY 

Montpellier, France 

45 Mbps 


Ccrn, Switzerland 

45 Mbps 

Princeton, NJ 

Bonn, Germany 

45 Mbps 


Stockholm, Sweden 

45 Mbps 


Rio De Janeiro, Brazil 

1.544 Mbps 


La Serena, Chile 

1.544 Mbps 


Singapore, Malaysia 

64 Kbps 


Riyadh, Saudi Arabia 

64 Kbps 

Greenbelt, MD 

Ottawa, Canada 

45 Mbps 


Oxford, United Kingdom 

45 Mbps 


Franscati, Italy 

45 Mbps 


Amsterdam, Netherlands 

45 Mbps 


Oslo, Norway 

45 Mbps 

Boulder, CO 

Mexico City, Mexico 

1.544 Mbps 

Austin, TX 

Monterrey, Mexico 

1.544 Mbps 


San Juan, Puerto Rico 

64 Kbps 

Honolulu 

Tokyo, Japan 

45 Mbps 


Melbourne, Australia 

1.544 Mbps 


Hamilton, New Zealand 

1.544 Mbps 
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4.3.4.3 2000 Projections Of Speeds Of U.S. International Links 

When projecting the 2000 speeds of the United States- 

international links, it was assumed that the consolidation that had 
taken place in 1991 and 1996 would remain the same. That is, the 
number of links, the number of United States cities, and the number 
of foreign cities/countries were projected to remain the same in 2000 
as they were in 1991 and 1996. 

As discussed for 1996, it is quite possible that by 2000, two 

important events might have occurred. Firstly, new international 
networks might have been developed in various foreign countries, 

requiring new connectivity with the United States. Secondly, 

continent-wide networks might have been expanded (e.g„ in Europe) 
permitting indirect access to foreign countries which now are linked 
directly with the United States (e.g., Norway). Again, both of these 
possible events will be considered in Section 6, when the new IRNs 
are described. 

The projections of the 2000 links speeds were based on factors 

similar to those used for projecting 1991 and 1996 link speeds: the 

1996 speeds of links to each foreign country; the 2000 projected link 
speed of the backbone of the network in each foreign country; and the 
policies proposed by organizations concerned with international 

traffic. As indicated in Exhibit 4-13, the projected 2000 link 
speeds of the new 20 international links range from 1.544 Mbps to 1 

Gbps. About 55 percent of these links are expected to operate at 1 

Gbps, 30 percent at 45 Mbps, and 15 percent at 1.544 Mbps. 

4.3.4.4 2010 Projections Of Speeds Of U.S. International Links 

When projecting the 2010 speeds of the United States- 
international links, it again was assumed that the consolidation that 

had taken place in 1991, 1996 and 2000 would remain the same. That 
is, the number of links, the number of United States cities, and the 
number of foreign cities/countries were projected to remain the same 
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EXHIBIT 4-13. 2000 Projected Link Speeds 
U.S. -International Links 


1LS. Citv 

Foreign Cltv/rn VrfrY 

Link Sneed 

Chicago, IL 

Toronto, Canada 

1 Gbps 

Ithaca, NY 

Montpellier, France 

1 Gbps 


Cern, Switzerland 

1 Gbps 

Princeton, NJ 

Bonn, Germany 

1 Gbps 


Stockholm, Sweden 

1 Gbps 


Rio De Janeiro, Brazil 

45 Mbps 


La Serena, Chile 

45 Mbps 


Singapore, Malaysia 

1.544 Mbps 


Riyadh, Saudi Arabia 

1.544 Mbps 

Green belt, MD 

Ottawa, Canada 

1 Gbps 


Oxford, United Kingdom 

1 Gbps 


Franscati, Italy 

1 Gbps 


Amsterdam, Netherlands 

1 Gbps 


Oslo, Norway 

1 Gbps 

Boulder, CO 

Mexico City, Mexico 

45 Mbps 

Austin, TX 

Monterrey, Mexico 

45 Mbps 


San Juan, Puerto Rico 

1.544 Mbps 

Honolulu 

Tokyo, Japan 

1 Gbps 


Melbourne, Australia 

45 Mbps 


Hamilton, New Zealand 

45 Mbps 
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in 2000 as they were in 1991, 1996 and 2000. 


As indicated for 1996 and 2000, it is quite possible that by 
2010, two important events might have occurred. Firstly, new 
international networks might have been developed in various foreign 
countries, requiring new connectivity with the United States. 
Secondly, continent-wide networks might have been expanded (e.g., in 
Europe) permitting indirect access to foreign countries which now are 
linked directly with the United States (c.g., Norway). As before, 
both of these possible events will be considered in Section 6, when 

the new IRNs are described. 

The projections of the 2010 links speeds were based on factors 
similar to those used for projecting 1991, 1996 and 2000 link 
speeds: the 2000 speeds of links to each foreign country; the 2010 

projected link speed of the backbone of the network in each foreign 
country; and the policies proposed by various organizations concerned 

with international traffic. As indicated in Exhibit 4-14, the 
projected 2000 link speeds of the new 20 international links range 
from 1 Gbps to 5 Gbps. About 55 percent of these links are expected 
to operate at 5 Gbps, 30 percent at 1 Gbps, and 15 percent at 45 

Mbps. 


4.4 SUMMARY 

The current and future United States international research 
network traffic flows were estimated and presented in this section. 

4.4.1 Current Traffic Flow 

The current traffic flow was estimated by determining the 
installed capacity of the international links between the United 
States networks described in the previous U.S. Domestic Research 
Network Study and the international networks described in Section 3. 
That is, the installed capacity of the international links, along 
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EXHIBIT 4-14. 2010 Projected Link Speeds 
U.S. -International Links 


U.S. City 

Foreign Citv/rn.mt rY 

Link Sneed 

Chicago, IL 

Toronto, Canada 

5 Gbps 

Ithaca, NY 

Montpellier, France 

5 Gbps 


Cern, Switzerland 

5 Gbps 

Princeton, NJ 

Bonn, Germany 

5 Gbps 


Stockholm, Sweden 

5 Gbps 


Rio De Janeiro, Brazil 

1 Gbps 


La Serena, Chile 

1 Gbps 


Singapore, Malaysia 

45 Mbps 


Riyadh, Saudi Arabia 

45 Mbps 

Green belt, MD 

Ottawa, Canada 

5 Gbps 


Oxford, United Kingdom 

5 Gbps 


Franscati, Italy 

5 Gbps 


Amsterdam, Netherlands 

5 Gbps 


Oslo, Norway 

5 Gbps 

Boulder, CO 

Mexico City, Mexico 

1 Gbps 

Austin, TX 

Monterrey, Mexico 

1 Gbps 


San Juan, Puerto Rico 

45 Mbps 

Honolulu 

Tokyo, Japan 

5 Gbps 


Melbourne, Australia 

1 Gbps 


Hamilton, New Zealand 

1 Gbps 
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with the link capacity of the selected international networks, was 

used to develop a picture of the current international traffic flow. 

There currently are 77 United States-international links that 
connect 22 United States cities to 48 foreign cities in 18 
countries. Over half of these links are to Europe, over half 

originate from two United States cities (i.e., Greenbelt, MD and 

Princeton, NJ), and about half are NASA network links. The speeds of 

these international links range from 9.6 Kbps to 1.544 Mbps. Over 

half of the links are 19.2 Kbps or slower, and there currently is 

only one 1.544 Mbps link. 

As discussed in Section 3, the link speeds of the foreign 

networks, to which these 77 United States-international links 

connect, range from 1.2 Kbps to 1.544 Mbps. About half of these 
foreign networks have link speeds of 19.2 Kbps or less, and only 
about ten percent have links speeds of 1.544 Mbps or higher. 

4.4.2 Future Traffic Flow 

To estimate the future international traffic flow, the future 
link speeds of the international networks described in Section 3 and 
the future link speeds of the United States-international links were 
projected. These projections were based on: CCIRN drafted policy, 

FEPG proposed policy, CCIRN perspective on worldwide research network 
requiremen ts, and major factors affecting international network 
requirements. These policies, perspectives and factors were 
summarized in terms of the following expectations: 

L International organizations like the CCIRN will encourage 

worldwide network development and coordination. 

2. World events are leading to an increase in multi-nation and even 

global cooperative research efforts which will require increased 

connectivity. 

3. Specific research in the areas of the environment, energy. 
fflgdigiag — aM — Space are demanding more advanced network f unctions 
and new network applications. 
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4. Network technology research and development will encourage and 
facilitate network development worldwide. 

On the basis of these expectations, guidelines were developed for 
projecting future link speeds for the international networks and for 
the international links. The guidelines for projecting international 
network link speeds were: all foreign countries would move toward 

developing a nationwide research network; the link speeds of the 
backbones of these networks would increase to speeds as high as 5 
Gbps; only the backbone of these nationwide networks would be 
projected; and networks that might be developed in the future would 
be considered in Section 6, but not when making these projections. 
The guidelines for projecting the speeds of the United States- 
international links were: these links would be consolidated in 1991; 

the speeds of these links would increase to speeds as high as 5 Gbps; 
only the consolidated links would be projected; new links that might 
be required in the future would be considered in Section 6, but not 
when making these projections. In both instances, projections would 
be developed for 1991, 1996, 2000, and 2010. 

The following is a summary of the projections of international 
network link speeds: 

1. 1991: slightly over half of the international networks are 

expected to have only a 9.6 Kbps backbone, about one-third are 

expected to have a 64 Kbps backbone, and only one-tenth are 

projected to have a 1.544 Mbps backbone. 

2. 1996: about one-third of the international networks are expected 

to have a 64 Kbps backbone, slightly less than one-third are 

expected to have a 1.544 Mbps backbone, and slightly more than 
one-third are projected to have a 45 Mbps backbone. 

3. 2000: about one-third of the international networks are expected 

to have a 1.544 Mbps backbone, slightly less than one-third are 
expected to have a 45 Mbps backbone, and slightly more than 

one-third are projected to have a 1 Gbps backbone. 

4. 2010: about one-third of the international networks are expected 

to have a 45 Mbps backbone, slightly less than one-third are 
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expected to have a 1 Gbps backbone, and slightly more than 
one-third are projected to have a 5 Gbps backbone. 

To develop the projections of the United States-international 
links, the current 77 links were consolidated. This process reduced 
the number of international links, the number of United States 
cities, and the number of foreign cities. The only constant was the 
number of foreign countries. The number of international links was 
reduced from 77 to 20. The number of United States cities was 

reduced from 22 to seven. The number of foreign cities was reduced 
from 48 to 20. 

In addition to the guidelines noted above, the projections of the 
speeds of the international links were based, each year, on the 
following: the number and speeds of links to each foreign country 

during the previous benchmark year; the projected link speed of the 
backbone of the network in each foreign country during the same 
benchmark year; and the policies proposed by various organizations 
concerned with international traffic. 

The following is a summary of the projections of the speeds of 

the United States-international links: 

1. 1991: link speeds of the new 20 international links range from 

9.6 Kbps to 1.544 Mbps; about 40 percent of these links are 
expected to operate at 1.544 Mbps, about 40 percent at 64/128 
Kbps, and about 20 percent at 9.6 Kbps. 

2. 1996: link speeds of the new 20 international links range from 64 

Kbps to 45 Mbps; about 55 percent of these links arc expected to 

operate at 45 Mbps, 30 percent at 1.544 Mbps, and 15 at 64 Kbps. 

3. 2000: link speeds of the new 20 international links range from 

1.544 Mbps to 1 Gbps; about 55 percent of these links are expected 

to operate at 1 Gbps, 30 percent at 45 Mbps, and 15 percent at 
1.544 Mbps. 

4. 2010: link speeds of the new 20 international links range from 1 

Gbps to 5 Gbps; about 55 percent of these links are expected to 
operate at 5 Gbps, 30 percent at 1 Gbps, and 15 percent at 45 

Mbps. 
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These estimates of current and future traffic flows will be used, 
along with information on recent changes in United States networks 
and in NREN plans, to describe new current and future IRNs in Section 
6. Also to be considered in Section 6 are the impacts, on the 
current and future IRNs, of the development of new international 
foreign country and continent-wide networks. Such impacts likely 
will include additional consolidation of United States-international 
links to produce a more efficient and effective research network. 
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SECTION 5 


UPDATE OF UNITED STATES 
RESEARCH NETWORKS 


5.1 OVERVIEW 

5.1.1 Purpose 

In this section, information collected in the earlier study 

(i.e., the U.S. Domestic Research Network Study) on the United States 
research networks and on the National Research and Education Network 
(NREN) is updated. That is, the purpose of this section is to 

describe unanticipated changes in United States networks that have 
taken place, since the completion of the earlier study, and that 
might have significant impacts on the current and future Integrated 
Research Network (IRN) defined in the earlier study. For this 
purpose, the focus is on changes related to the topologies of the 
United States networks and to the plans for the NREN. This update of 
the United States networks and of the NREN will be used, along with 
the estimates of current and future traffic flows presented in 
Section 4, to describe new current and future IRNs. This section 
discusses two major topics: changes in United States research 

networks, and plans for the NREN. 

5.1.2 Approach 

Updating the information on the United States research networks 
and the NREN entailed the following activities: collecting 

information from the managers of each network; collecting information 
on the NREN from industry leaders; and organizing this information so 
its impact on the current and future IRNs could be determined. 

To collect information on the United States networks, the 
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managers of all the networks described in the earlier study (see 
Exhibit 5.1) were contacted by mail and by telephone. Each manager 

was sent a copy of the narrative description and the topology map 
prepared for his network. He was asked to review this information 
and to identify any major changes that should be made in either the 
narrative description or the topology map. This mailing was followed 

up by telephone calls until the necessary information was obtained. 

The information then was organized so that the impact of the 

significant changes could be assessed in Section 6. 

Current information on the NREN plans was obtained by 

interviewing industry leaders identified in the earlier study and by 
reviewing documents describing current NREN plans. Interviews were 
conducted in person (e.g., during the EDUCOM National Net’90) and 
over the telephone. Documents were obtained from the various groups 
and committees which are involved in the planning of the NREN. Based 
on this information, the current status and future plans for the NREN 
were summarized and used in Section 6 to describe the new current and 
future IRNs. 


5.2 CHANGES IN UNITED STATES RESEARCH NETWORKS 

As noted above, the changes in the United States research 
networks that are the most important for the purposes of this study 
are those pertaining to the topologies of these networks. These 
changes are summarized below for each network. The network summaries 
are presented in the same order as the networks appear in Exhibit 
5.1. When no significant changes were identified for a network, only 
a statement indicating that finding is presented for the network. 

5.2.1 DoD Networks 

5.2.1. 1 ARPANET 

As expected, the ARPANET has been discontinued. 
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EXHIBIT 5-1. United States Networks 
Described In Earlier Network Study 


1. Department of Defense (DOD) research networks: 

Advanced Research Projects Agency Network (ARPANET) 

Defense Research Internet (DRI) 

2. National Science Foundation Network (NSFNET) - Three level 
network: 

National backbone 
Twenty-one mid-level networks 

Thirteen Original Backbone and Regional Networks: 

BARRNet, JvNCnct, MERIT, MIDnct, NCSAnet, 
NorthWestNet, NYSERNet, PSCNET, SDSCnet, SESQUINet, 
SURAnet, USAN, WestNet, . 

Eight New Regional Network: 

CERFnet, CICNet, Los Nettos, MRNet, NEARnet, OARnet, 
PREPnet, THEnet. 

3. National Aeronautics & Space Administration (NASA) research 
networks: 

NASA Science Network (NSN) 

NASA Communications (NASCOM) 

Numerical Aerodynamics Simulation Network (NASNET) 

Space Physics Analysis Network (SPAN) 


4. Department of Energy (DOE) research networks: 

Energy Science Network (ESNET) 

High Energy Physics Network (HEPNET) 

LEP3NET (A Cern Accelerator Experiment Network) 
OPMODEL 

5. BITNET (Because Its Time Network) and 
CSNET (Computer + Science Network) 
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5.2.1.2 DRI 


The DRI is progressing as planned with a variety of testbeds 
underway. The testbed program and its relationship to the 
development of the NREN are discussed below in Section 5.3 - Current 
Plans for the NREN. 

5.2.2 NSF Networks 

5.2.2.1 NSF Backbone 

By the second half of 1989, the NSF backbone had 19 links 
connecting its 13 major nodes or hubs, giving most nodes three T1 
connections. During National Net’90, a T3 link was demonstrated. As 
predicted in the earlier study , most of the NSF backbone is expected 
to have T3 speeds by the end of 1991. Therefore, there were no 

unexpected changes in the NSF backbone that must be considered when 
describing the new current and future IRNs. 

5. 2.2.2 BARRNet 

While there were new members (i.e., LANs) on BARRNet, there were 
no unexpected changes in the BARRNet topology that must be considered 
when describing the new current and future IRNs. 

5.2.2.3 JvNCnet 

As with BARRNet, there were new members on JvNCnet, but there 
were no unexpected changes in the JvNCnet topology that must be 
considered when describing the new current and future IRNs. 

5.2.2.4 MERIT 

There were some new members on MERIT, but there were no 
unexpected changes in the MERIT topology that must be considered when 

describing the new current and future IRNs. 
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S.2.2.5 MIDnet 


Again, there were new members on MIDnet 
unexpected changes in the MIDnet topology that’ 
when describing the new current and future IRNs. 


but there were no 
must be considered 


5.2. 2. 6 NCSAnet 


Illinois'* at^ Ch‘ “ Z' ^ Ar8 ° nne Na, ’‘ Ub ,0 u "i«rsity of 
at Chicago) was increased to a Tl 

unexpected changes in the NCSAnet , WCfC n ° ° ther 

^ ... NCSAnet topology that must be considered 

en describing the new current and future IRNs. 

5.2. 2. 7 NorthWestNet 

Several new members (i.e, LANs) joined NorthWestNet but there 
were no unexpected changes in the NorthWestNet topo.ogy thlt LZ 
considered when describing the new current and future IRNs 

5. 2.2.8 NYSERNet 


members^ but' Z “ “ ^ 

- mus, be coLdei: w „ u ;:: p ri::: d g ;r cs in ,,,e i,s 

, RNs describing the new current and future 


Place "TT a " imP ° rIan ' deV ' l0Pmen ' involvi "S NVSERNe. has taken 
Pace, A new company, Performance Systems International Inc (PSD 
was created to sell access to NYSERNet This a , ' 

lie beginning of the commercialization of the NReTTs”,' ha^naT! 

ZZlZg p f ne, d which now includes nvsern " (uhich 

area) Pi an , r« SCrVCS thc Washin 8ton, D.C. 

area). Plans for expanding PSIne, nationwide are being considered. 


S.2.2.9 PSCNET 


PSCNET also added 


new members, but there were no unexpected 
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changes in the PSCNET topology that most be considered when 
describing the new current and future IRNs. 


5.2.2.10 SDSCnet 


There were no unexpected changes in the SDSCnet topology that 
must be considered when describing the new current and future IRNs. 

5.2.2.11 SESQUINet 

There were no unexpected changes in the SESQUINet topology that 
must be considered when describing the new current and future IRNs. 

5.2.2.12 SURAnet 

Many new members (i.e., LANs) have been added to SURAnet, but as 
with many of the other regional there were no unexpected changes in 
the SDSCnet topology that must be considered when describing the new 
current and future IRNs. 

5.2.2.13 USAN 

The site in Wisconsin has been dropped. The two sites in Mexico 
are now UNAM (Mexico City) and ITESM (Atizapan de Zaragoza). All 
other aspects of this network have remained the same or as 

projected. 


5.2.2.14 WESTNet 

The University of Arizona is connected to the University of 
Utah, not to the University of New Mexico as indicated in the earlier 
study. Also, the network’s major links have been upgraded from 56 
Kbps to Tl. Except for the addition of new members, all other 
aspects of this network have remained the same or as projected. 
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5.2.2.15 CERFnet 


This network has been rapidly adding new members, but there were 
no unexpected changes in the CERFnet topology that must be considered 
when describing the new current and future IRNs. 

5.2.2.16 CICNet 

There were no unexpected changes in the CICNet topology that 
must be considered when describing the new current and future IRNs. 

5.2.2.17 Los Nettos 

There were no unexpected changes in the Los Nettos topology that 
must be considered when describing the new current and future IRNs. 

5.2.2.18 MRNet 

While MRNet has been adding new members, there were no 
unexpected changes in the CERFnet topology that must be considered 
when describing the new current and future IRNs. 


5.2.2.19 NEARnet 

NEARnet also has added members, but there were no unexpected 
changes in the NEARnet topology that must be considered when 
describing the new current and future IRNs. 


5.2.2.20 OARnet 

As with most of the other regional networks, OARnet has added 
members, but there were no unexpected changes in the OARnet topology 
that must be considered when describing the new current and future 

IRNs. 
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5.2.2.21 PREPnet 


There were no unexpected changes in the PREPnet topology that 

must be considered when describing the new current and future IRNs. 

5.2.2.22 THEnet 

There were no unexpected changes in the THEnet topology that 

must be considered when describing the new current and future IRNs. 

5.2.2.23 NSFNET Summary 

There were only a few unexpected changes in the NSFNET 

topologies that must be considered when describing the new current 
and future IRNs. These few changes involved the dropping or adding 
of a site (e.g, with USAN), the changing of a city-pair (e.g., with 
WestNet), or the changing of the typical link speed of the network 
(e.g., WestNet). The most consistent change across all regional 

networks was the addition of new members (i.e., LANs); but this 
change was anticipated and discussed in the Task Order 2 report. 

5.2.3 NASA Research Networks 

5.2.3.1 NSN 

While new members were added to the NASA Science Network, there 
were no unexpected changes in the NSN topology that must be 
considered when describing the new current and future IRNs. 

5.2.3.2 NASCOM 

While new members were added to, and some old members were 
dropped from, the NASA Communications (NASCOM) Network, there were no 
unexpected changes in the NASCOM topology that must be considered 
when describing the new current and future IRNs. 
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5.2.3.3 NASNET 


There were no unexpected changes in the . Numerical Aerodynamics 
Simulation Network (NASCOM) topology that must be considered when 
describing the new current and future IRNs. 

5.2.3.4 SPAN 

There were no unexpected changes in the Space Physics Analysis 
Network (SPAN) topology that must be considered when describing the 
new current and future IRNs. 

5.2.4 DOE Research Networks 

5.2.4.1 ESNET 

There were no unexpected changes in the Energy Science Network 
(ESNET) topology that must be considered when describing the new 
current and future IRNs. 

5.2.4.2 HEPNET 

There were no unexpected changes in the High Energy Physics 
Network (HEPNET) topology that must be considered when describing the 
new current and future IRNs. 

5.2.4. 3 LEP3NET 

There were no unexpected changes in the LEP3NET (a Cern 
Accelerator Experiment Network) topology that must be considered when 
describing the new current and future IRNs. 

5.2.4.4 OPMODEL 

There were no unexpected changes in the OPMODEL topology that 
must be considered when describing the new current and future IRNs. 
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5.2.5 BITNET & CSNET 


Effective September, 1989, BITNET and CSNET were merged under a 
new organization, the Corporation for Research and Educational 

Networking (CREN). CREN is a continuation of the old BITNET, Inc., 
under the new name and with revised bylaws, and it accepted 

responsibility from UCAR for the CSNET network. CREN now provides 
BITNET and CSNET networking services to members throughout the world. 

This merger was anticipated, when developing the Task Order 2 
report, and it has not caused any unexpected changes in topologies 

that must be considered when describing the new current and future 

IRNs. 

5.2.6 Summary Of United States Research Network Changes 

There have been very few unexpected changes in the United States 
Research Networks, since the preparation of the Task Order 2 report, 
that must be considered when describing the new current and future 

IRNs. The most important changes, those involving growth of the 
various networks, were anticipated. Examples of changes included: 

one of the cities of a city pair was changed; a site was dropped; and 

a network with slower link speeds increased its backbone link speed 

from 56 Kbps to 1.544 Mbps several months earlier than anticipated. 
None of these changes will have any significant effects on the 
planning of the new current and future IRN. 


5.3 CURRENT NREN PLANS 

The current NREN plans are summarized below by presenting a 
description of the NREN, an outline of the implementation of the 
NREN, and a listing of recent events concerning the NREN. This 

summary of current NREN plans will be used in Section 6 to help 
describe the new current and future IRNs. 
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5.3.1 Current NREN Description 


The current NREN is described below in terms of its goal, 
objectives, benefits, access, services, network structure, management 
and financing. 

5.3.1. 1 Goal 

The goal of the NREN, as typically presented, is to enhance 
national competitiveness and productivity through a high speed, high 
quality network infrastructure which supports a broad set of 
applications and network services for the research and education 
community. 

5.3.1.2 Objectives 

To accomplish this NREN goal the following objectives have been 
proposed: 

1. Support development of advanced United States network technology 
and services. 

2. Increase technology transfer among government, industry and 
education. 

3. Provide access to and encourage development of information 
resources, instruments, and computation centers whose 
characteristics make them national assets worth sharing. 

4. Create a network architecture that will evolve to meet capacity, 
connectivity, security, management and service requirements. 

5.3.1.3 Benefits 

Accomplishing the NREN goal and objectives are expected to 
result in a wide range of public and private benefits, including: 

1. Increased research productivity, education and technology 
transfer. 

2. Maintenance of United States leadership in research and 
education. 
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3. Improvement of United States competitiveness in world markets. 

4. Acceleration of the development of commercial networks and 
electronic information services. 

5.3.1.4 Access 

It has been proposed that the NREN be accessible by the entire 
United States higher education, research and development community 
for uses that are consistent with the NREN goal. Some have proposed 
that anyone doing research, at any level, should have access. 

5.3.1.5 Services 

It is expected that the development of the NREN will result in 
the modernization and enhancement of services available on current 
networks to meet the needs of research users and to provide 
connection to specialized databases and computational facilities not 
currently accessible. 

5.3.1.6 Network Structure 

The most frequently discussed model for the NREN is a 
three-level structure comprised of: 

1. An interstate backbone supporting high volume network traffic 
with at least one access node in every state. 

2. A mid-level tier of state and regional networks providing broad 
intrastate connectivity. 

3. A third level composed of individual campuses and government and 
industrial laboratories. 

5.3.1.7 Management 

A number of management structures have been proposed, ranging 
from a public corporation to an industry operated venture. The 
public corporation would involve a partnership among government, 
industry and education. The industry operated venture would be 
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similar to current industry efforts. 


5.3.1.8 Funding 

Typical funding proposals suggest a shared responsibility of 
federal research sponsors, educational agencies and private sector 
organizations. The major funding questions, which still exist, 
concern when, how and how much the various entities should 
contribute. 

5.3.2 Implementation Plans 

The current NREN implementation plans are described below in 
terms of connectivity, R&D stages, and its testbed program. 

5.3.2.1 NREN Connectivity 

It is expected that the NREN will interconnect the following: 

1. Educational institutions. 

2. National laboratories, non-profit research institutions, and 
government facilities. 

3. Commercial organizations engaged in government-supported research 
or collaborating in such research. 

4. Unique national scientific and scholarly resources such as 
supercomputer centers, major experimental facilities, databases, 
and libraries. 

5.3.2.2 NREN R&D Stages 

As presented in the earlier study, the NREN is expected to 
progress through the following three R&D stages (It is currently in 
Stage 2): 

Stage 1 - Upgrade existing U.S. agency trunks to 1.544 Mbps. 

Stage 2 - Combine multi-agency trunks into a shared 45 Mbps trunk 

system. 


Page 5-13 


Stage 3 - Perform research and development to lead to a shared 

national network with multi-gigabit-per second trunks 
(here, technologies are yet to be developed). 

These stages are diagramed in Exhibit 5-2. As indicated in 

Exhibit 5-2, the following is anticipated: 

1. A 45 Mbps NREN backbone should be operational by the end of 1991. 

2. A multi Gbps NREN backbone should be operational during the last 
half of the 1990s. 

3. The transition to commercial services should begin as the Gbps 

backbone is initiated during the mid-1990s. 

S.3.2.3 NREN Testbed Program 

The NREN testbed program is summarized below in terms of 

management, objectives, and planned testbeds. 

Management & Objectives 

The NREN testbed program is managed jointly by DARPA and NSF. 
Existing funding for the program is about $15 million, and 
significant increases are being requested. The specific testbed 
projects are managed by the Corporation for National Research 
Initiatives in Reston, Virginia. 

Planned NREN Testbeds 

The following NREN testbeds have been planned: 

1- Technology Testbed #1: The purpose of this technology testbed is 

to develop very high speed switching and routing technology, with 
applications in engineering and operations research. Involved 
organizations: CMU, Pittsburgh Supercomputer Center, MCI. 

2. Technology T estbed #2: The purpose of this technology testbed is 

Page 5-14 



EXHIBIT 5-2. Three-Stage NREN Plan 
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to explore high speed switching and virtual memory networking. 
Applications for multi-media telecommunications. Organizations 
involved: UPenn, BellCor, IBM, MIT, MCI. 

3. Distributed Computing Testbed : Using synchronized access to 

distributed Cray and Connection supercomputers. Application for 
composite 3-D imagery from simultaneous real-time sources, e.g., 
combined seismic and remote sensed data. Organizations 
involved: LANL, CalTech, JPL, San Diego Supercomputer Center, 

MCI. 

4. Medical Testbed : Using Cray supercomputers and high performance 

workstations for radiation therapy planning. Organizations 

involved: GTE, Bell Northern Research, and the University of 

North Carolina. 

5. Atmospher ic Model Testbed : Purpose is to develop high speed 

switches using virtual circuits. Applications for severe storm 
models. Organizations involved: AT&T, Bell Labs, NCSA, 

U.Illinois, Cray Computers, U.Wisconsin, UCB, LBL. 

6. Ocean Model Testbed : Purpose is to explore multiple 

supercomputer applications for ocean modelling and interactive 
simulation. Organizations involved: NRL, CMU, NASA. 

These planned NREN Gigabit testbeds are diagramed in Exhibit 
5-3. One of these testbeds will involve transcontinental Gbps 
transmission, while the other five will involve Gbps transmission 
within one or across several states. 

5.3.3 Recent Events Impacting The NREN 

In this section, some of the recent events directly impacting the 
NREN are outlined. These events are grouped under the following 
headings: federal agency activity, federal legislation, network 

activity, and NREN issues. 
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5.3.3. 1 Federal Agency Activity 


The following are examples of recent federal agency activity 

having a direct impact on the NREN: 

1. The FRICC issued a Program Plan for the NREN. 

2. The White House OSTP published a report on the Federal High 
Performance Computing Program, which incorporated the FRICC 
Program Plan. 

3. The White House Science Advisor voiced strong support for the 
NREN. 

4. The proposed federal budget for FY91 included $469 million in 

budget authority for High Performance Computing (this represents 
a five percent increase). 

5. The FRICC was replaced by the Federal Networking Council (FNC). 

5. 3.3.2 Federal Legislation 

Three bills are currently pending in Congress to authorize the 

NREN: 

1. Senate Bill 1067: Introduced by Senator Gore in May, 1989; 

creates the NREN and authorizes $390 million in funding for the 

network over fiscal years 1991 through 1995. 

2. House Bill 3131: Companion bill to Senate bill 1067; introduced 

by Congressman Walgren. 

3. Senate Bill 1976: Introduced in November 1989 on behalf of the 

DOE by Senator Johnston. Provisions relating to the NREN are 
parallel to those of the Gore Bill. 

5.3.3.3 Network Activity 

The following network activities arc especially relevant to the 

NREN: 

1. The increase in the link speed of the NSFNET backbone from 1.544 
Mbps to 45 Mbps was begun. 
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2. Over 1000 networks arc now connected to the NSFNET; an increase 
of about 400 since mid-1989. 

3. Research in advanced networking techniques (i.e.. Gbps testbeds) 
continued on schedule. 

5.3.3.4 Current NREN Issues 

The following arc the four most frequently discussed issues 
related to the NREN: 

1. Ubiquity: How many people have access? Who should have access? 

2. Performance: What peak and aggregate rates are necessary? 

3. Funding: Who should fund what portions of the NREN? When? 

4. Management: What type of management should the NREN have? 

Public? Private? Combination? 

5.3.4 Summary Of Current NREN Plans 

Since the completion of the earlier U.S. Domestic Research 
Network Study, NREN plans have become more clearly delineated. The 
NREN, in terms of its goal, objectives, benefits, access, services, 
network structure, management and funding, has been articulated. The 
NREN implementation plans are on schedule. Connectivity expectations 
have been well specified, the NREN is in the second of three R&D 
stages, and the NREN testbed program is equally well planned. 
Finally, a number of recent federal agency, legislative and network 
development activities are directly impacting the NREN and are 
helping to clarify major NREN issues related to ubiquity, 
performance, funding and management. 


5.4 SUMMARY OF UPDATE OF U.S. RESEARCH NETWORKS 


There have been very few unexpected changes in the United States 
Research Networks, since the completion of the earlier study, that 
must be considered when describing the new current and future IRNs. 

Page 5-19 



In fact, it is expected that none of these unexpected changes will 
have any significant effects on the planning of the new current and 
future IRN. The current NREN plans are progressing smoothly, but not 
without a lot of effort from those involved in its development. 
While no groups have indicated opposition to the development of an 
NREN, a number of major issues remain unresolved, and funding for the 
network is only increasing very slowly because of the tremendous 
competition for funds. In summary, the status of the NREN has 

improved significantly during the last year, but much work remains to 
be done. 
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SECTION 6 


CURRENT AND FUTURE 
INTEGRATED RESEARCH NETWORKS 


6.1 OVERVIEW 


6.1.1 Purpose 

In this Section, new current and future Integrated Research 
Networks (IRNs) are described. That is, the results of the current 
study, presented in Sections 2 - 5, are used to modify the original 
IRNs developed in previous U.S. Domestic Research Network Study. The 
findings presented in Sections 2 and 3. which include descriptions of 
the international research network community and major research 
networks outside of the United States, provide a worldwide 
perspective for developing the new IRNs. Estimates of the current 
and future international traffic flows presented in Section 4 and the 
update of the United States Research networks and the NREN plans 
discussed in Section 5 are used, along with the current and future 
IRNs described in the previous domestic study, to develop new current 
and future IRNs. These new IRNs, while still focused on the United 
States, now include international as well as domestic research 
network requirements. This section includes three major topics: 
impact of unexpected changes in United States networks, the current 

IRN, and the future IRNs. 


6.1.2 Approach 

To update the IRNs, the completion of three activities were 
required: 

1. The assessment of the impact of unanticipated changes in the 
United States research networks and in the NREN plans, 

2. The incorporation of the current international research 
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network traffic flow in the current IRN; and 

3. The incorporation of the future international research network 
traffic flows in the future IRNs. 


To determine the impact of the unanticipated changes in United 
States research networks on the current and future IRNs, each change 
was reviewed to determine whether or not it would have an impact on 
the original topology maps developed for the current and future 
IRNs. That is, if the change required a modification of the major 
access points, the connectivity, or the link speeds of any of the IRN 
topology maps, these modifications were made. 


In a similar manner, the current NREN plans were reviewed to 
determine if any unanticipated changes in these plans required 
modifications in the original projections of future research network 
requirements. Since this study does not focus on the political and 
social implications of the NREN, but on its technical network 
requirements, changes in the planned NREN technical network 
requirements were given the most attention. 


To incorporate the current estimate of international research 
network traffic in the current IRN, the United States-international 
links and the international network link speeds were added to the 
information on the original current IRN topology map. The 
international links were not consolidated, because currently they are 
not consolidated. The composite diagram now depicts the new current 
it is the new IRN topology map. 


In a similar manner, the estimates of the future international 
research network traffic flow were incorporated in the future IRNs. 
That is, the information depicted on the original future IRN topology 
maps was supplemented with the future link speeds of the 
international research networks and the descriptions of the future 
United States-international links. The information was presented in 
a single composite diagram for each future benchmark year. As noted 
m Section 4, the same future benchmark years (i.e., 1991, 1996, 2000 
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and 2010) used in the earlier study were used again for this study. 

Also, as noted in Section 4, the United States-international 
links initially were consolidated to give each United States city 
only one link to any foreign country. When developing the new future 
IRNs, an additional consolidation of links was made based on an 
understanding of network requirements between the United States and 
each foreign country. When making this additional consolidation, it 
was assumed that continent-wide networks would be developing in 
selected parts of the world (e.g., Europe), and that the United 
States would have several links to these continent-wide networks and 
would not need direct access to every major country. This resulted 
in a maximum of one United States-international link to each foreign 
country and only indirect links to some countries. 

While it is possible that some researchers in the United States 
may desire to have dedicated links to some foreign countries for 
special projects, such dedicated links are not reflected in the new 
future IRN topologies. It is believed that these requirements arc 
related to security and redundancy and will have minimal impact on 
traffic projections. Four new future topology maps were developed to 
depict the results of these analyses of the future IRNs. 


6.2 IMPACT OF UNEXPECTED CHANGES IN UNITED STATES NETWORKS 

The impact of unexpected changes in the United States networks 
on the current and future IRNs are discussed under two topics: 
changes pertaining to the specific research networks and changes 
pertaining to NREN plans. 

6.2.1 Unexpected Changes In Research Networks 

As noted earlier in Section 5, there have been very few 
unexpected changes in the United States Research Networks, since the 
completion of the earlier domestic study, that must be considered 
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when describing the new current and future IRNs. The most important 
changes, those involving growth of the various networks, had been 
anticipated when completing the earlier study. The reasons for this 
lack of unexpected change include the following: 

1. The earlier study was completed only about six months ago. 

2. Input was obtained from experts at all levels of the industry, so 
the composite of their insights is still valid. 

3. The earlier study required, just as the current study does, the 
anticipation of future events and trends and the reflection of 
their impact on the IRNs; consequently all of the more important 
changes were expected and incorporated in the original results. 

However, each unexpected change in the specific research 
networks was reviewed and analyzed. Unexpected changes in specific 

research networks included: one of the cities of a city pair was 

changed; a site was dropped; and a network with slower link speeds 
increased its backbone link speed from 56 Kbps to 1.544 Mbps several 
months earlier than anticipated. Based on this review and analysis, 
it was concluded that none of these changes will have any significant 
effects on the planning of the new current and future IRNs. That is, 
these specific network changes were not sufficiently significant to 
require changes in the original current and future IRN topology and 
capacity maps which reflected domestic research network requirements. 

6.2.2 Unexpected Changes In NREN Plans 

In Section 5, the current NREN plans were summarized by 
presenting a current description of the NREN, an outline of the 

implementation of the NREN, and a listing of recent events concerning 
the NREN. The current NREN was described in terms of its goal, 
objectives, benefits, access, services, network structure, management 

and financing. Implementation plans were described in terms of 
connectivity, R&D stages, and its testbed program. Recent events 

were grouped under the following headings: federal agency activity, 

federal legislation, network activity, and NREN issues. These NREN 
plans and related events then were analyzed to determine whether 
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significant unexpected changes had been made in NREN plans. 

Since the completion of the earlier study, NREN plans have 
become more clearly delineated, but this clarification has not 
resulted in any unanticipated changes in the NREN. The description 
of the NREN, in terms of its goal, objectives, benefits, access, 
services, network structure, management and funding, now has been 
articulated. While this additional detail concerning NREN plans is 
useful in providing a perspective for developing the new current and 
future IRNs, this detail has not affected the original current and 

future IRN topology maps. 


The NREN implementation is on schedule, as projected in the 
earlier study. All major interest groups are having an impact on the 
planning for the NREN. The NREN implementation is, as expected at 
the end of the earlier study, in the second of three R&D stages. The 
NREN testbed program is being implemented, perhaps slightly faster 

than anticipated. 


Finally, a number of recent federal agency, legislative and 
network development activities are directly affecting the NREN and 
are helping to clarify major NREN issues related to ubiquity, 
performance, funding and management. Again, these activities were 
anticipated. Activities by the FRICC (replaced by the FNC), the 
White House OSTP, and the United States Congress suggest that the 
NREN perspective presented in the earlier study was not too 
optimistic. Similarly, network activity, in terms of improving 
ubiquity and performance, indicates that the IRN topology maps 
presented in the earlier study appropriately reflect expected 

progress. 


6.2.3 Summary Of Impacts Of Unexpected Changes 

The evolution of the United States research networks and of the 
NREN plans have not affected the original topology and capacity maps, 
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developed in the earlier study for the current and future IRNs. The 
original topology maps can be used, as they were presented in the 
earlier study, along with information on the networks outside of the 
United States and on the United Statcs-intcrnational links, to 
develop the new current and future IRNs. Hence, changes will be made 
in these original topology maps only if the information on the 
international networks and the United States-international links 
indicates changes are necessary. 


6.3 THE NEW CURRENT IRN 

The new current IRN reflects international, as well as domestic, 
research network requirements. It was developed, as previously 
noted, using the original current IRN topology map (see Exhibit 6-1), 
the current link speeds of the international research networks (see 
Exhibit 6-2), and the United States-international links (sec Exhibit 
6-3). Exhibit 6-1 was presented initially in the earlier study, and 
Exhibits 6-2 and 6-3 were presented previously in Section 4. 

The new current IRN topology map is presented in Exhibit 6-4. 
The information in the box in the center of this exhibit shows the 
major access points and the T1 connectivity of the current IRN 
developed in the earlier study. As noted above in Section 6.2, the 
original current IRN (see Exhibit 6-1) adequately reflects the 
updated domestic network requirements. 

The boxes surrounding the center box in Exhibit 6-4 include 
information, taken from Exhibit 6-2, on each of the six major areas 
of the world discussed in Sections 2 and 3: Canada/Mexico, Europe, 

Central/South America, Australia/Pacific and Asia. For each of these 
major areas, the range of the typical link speeds of the backbones of 
the research networks in the countries in the area is indicated. For 
example, in Europe the typical backbone links speeds of the research 
networks in the European countries is 9.6 Kbps through 64 Kbps. 


Page 6-6 



89 OOBM'0 1 1 



Page 6-7 


EXHIBIT 6-1. The Current (1990) U.S. Domestic Integrated 
Research Network 



EXHIBIT 6-2. 

Location 

WORLDWIDE 

NORTH AMERICA 
CANADA 

MEXICO 

EUROPE 

CONTINENT-WIDE 

MULTI-NATION 

FRANCE 

GERMANY 

UNITED KINGDOM 

OTHER EUROPE 
AUSTRIA 


Current International Research Networks 


Network 


BITNET 

CSNET 

USENET 

UUCP 

UUNET 

FIDONET 

DREnet 

CDNnet 

NetNorth 

CA’nct 

AHEN 

BCnet 

CRIM 

Onet 

ITESM 

UNAM 


EUnet 

EARN 

HEPnet 

Ean 

RIPE 

IASnct 

NORDUnet 

CYCLADES 

FNET 

ARISTOTE 

SMARTIX 

PHYNET 

REUNIR 

HMI-NET 

DFN 

AGFNET 

BERNET 

NPL 

SERCnet 

JANET 

Starlink 

UKnct 

ACONET 


Link Speeds 
(Kbps) 

9.6 

9.6 

11 

1 . 2-11 

1.2 - 11 

1.2 - 9.6 

1.2 - 64 

1.2 - 19.2 

2.4 - 9.6 
56 - 1544 

2.4 - 9.6 

9.6 - 1544 
56 

19.2 - 56 

9.6 - 64 

9.6 - 64 


2.4 - 64 

2.4 - 64 
64 

9.6 
1544 

2.4 - 1 1 
64 - 2000 

4.8 - 19.2 

4.8 

4.8 - 64 

4.8 - 64 
64 

4.8 - 2000 

9.6 

9.6 - 64 

64 

64 

2.4 - 9.6 

9.6 

9.6 - 64 

9.6 

1.2 - 19.2 

2.4 - 19.2 


Page 6-8 


EXHIBIT 6-2. 


Current International Research Networks 

(Continued) 


Location 

Network 

Link Sneeds 
(Kbps) 

DENMARK 

DENet 

64 - 128 

FINLAND 

funet 

14 - 64 

ICELAND 

EUNET 

1.2 - 9.6 

IRELAND 

HEANET 

EuroKom 

1.2 - 64 
1.2 - 64 

ITALY 

INFNET 

9.6 - 48 

NETHERLANDS 

SURFnet 

9.6 - 64 

NORWAY 

UNINETT 

64 

SOVIET UNION 

Academnet 

— 

Adonis 



ANAS 


SPAIN 

Enet 

Ean 

9.6 

9.6 - 64 

SWEDEN 

SUNET 

64 

SWITZERLAND 

SWITCH 

64 

YUGOSLAVIA 

SIS 

1.2 - 19.2 

ASIA 

multi-nation 

AUSEAnet 

GULFnet 

1.2 

1.2 - 9.6 


PACNET 

2.4 


N-l 

NACSIS 

4.8 - 48 

JAPAN 

48 - 768 


JUNET 

2.4 - 1544 

Hong Kong 

harnet 

1.2 - 9.6 

INDIA 

NICNET 

1.2 - 9.6 

INDONESIA 

UNlnct 

— 

ISRAEL 

ILAN 

9.6 

KOREA 

KREONet 

56 
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EXHIBIT 6-2. 

Current International Research Networks 

Location ___ 

(Continued) 

Network 

Link SDeeds 

ASIA - Continued 


(Kbps) 

MALAYSIA 

RangKom 

4.8 - 9.6 

THAILAND 

TCSnet 

1.2 - 2.4 

AUSTRALIA/PACIFIC 

MULTI-NATION 

PACCOM 

19.2-512 


SPEARNET 

2.4 - 9.6 

AUSTRALIA 

ACSnet 

2.4 


ABN 

2.4 - 9.6 


QTInet 

2.4 - 9.6 


VICNET 

2.4 - 9.6 


AARNet 

48 

NEW ZEALAND 

DSIRnet 

2.4 

CENTRAL & SOUTH AMERICA 


MULTI-NATION 

CARINET 

1.2 


CATIENET 

1.2 - 2.4 

AFRICA 

MULTI-NATION 

CGNET 

1.2 - 2.4 

EGYPT 

ENTSTINET 

9.6 

TUNISIA 

Afrimail 

1.2 - 2.4 
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EXHIBIT 6-3. Current US-International Links 

(Organized By Foreign Country) 


FOREIGN CITY 

NORTH AMERICA 
CANADA 

Edmonton, BC 
Montreal, QB 
Montreal, QB 
Ottawa, QB 
Ottawa, QB 
Ottawa, QB 
Toronto, ON 
Toronto, ON 
Toronto, ON 
Vancover,BC 
Vancover.BC 


IIS CITY 


itc NET /PURPOSE LINK SPEE D 

(Kbps) 


Princeton, NJ 
Princeton (JVNC), NJ 
Princeton, NJ 
Greenbelt (GSFC), MD 
Rochester, NY 
Princeton, NJ 
Chicago (FNAL), IL 
Ithaca (CNSC), NY 
Princeton, NJ 
Seattle (UofW), WA 
Seattle (UofW), WA 


BITNET, Acad Res 
NSFNET, Research 
BITNET, Acad Res 
SPAN/NASA Research 
NSFNET, Research 
BITNET, Acad Res 
ESNET/DOE HEP 
NSFNET, Research 
BITNET, Acad Res 
NSFNET, Research 
BITNET, Acad Res 


9.6 

56 

9.6 

56 

56 

9.6 

56 

56 

9.6 

19.2 (56) 
9.6 


MEXICO 

Mexico City (UNAM) 
Antizapan (ITESM) 
Monterrey 
Monterrey 

EUROPE 

FRANCE 

Sophia 

Montepellier 

Montepellier 

Paris 

Paris 

Toulouse 

Toulouse 

Moudon (Paris Obs) 
Moudon (Paris Obs) 
Moudon (Paris Obs) 
Strasburg 


Boulder (NCAR), CO 
Boulder (NCAR), CO 
San Antonio, TX 
San Antonio, TX 


USAN Acad Research 
USAN Acad Research 
NSFNET, Acad Res 
BITNET, Acad Res 


Princeton, NJ 
Ithaca, NY 

New York (CUNY), NY 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


NSFNET, Research 
NSFNET, Supcrcomput. 
BITNET, Acad Res 
SPAN/NSN Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 
SPAN/NASA Research 


64/128 

64/128 

9.6 

9.6 


64 

56 

56 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 (1995) 
56 (1996) 
9.6 


GERMANY 

Bonn 

Bonn 

Bonn 

Darmstadt 

Darmstadt 

Garching 

Garching 

Garching 

Heidelberg 

Max Plank 

Max Plank 

Oberfaf 

Oberfaf 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Princeton, NJ 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


SPAN/NASA Research 9.6 
SPAN/NASA Research 56 
BITNET, Acad Res 9.6 

SPAN/NASA Research 19.2 
SPAN/NASA Research 9.6 
SPAN/NASA Research 56 
ESNET/DOE Research 64 
SPAN/NSN Research 9.6 

SPAN/NSN Research 9.6 

SPAN/NSN Research 9.6 

SPAN/NSN Research 9.6 

SPAN/NASA Research 56 (1995) 
SPAN/NASA Research 9.6 
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EXHIBIT 6-3. Current US-International Links 

(Organized By Foreign Country - Continued) 


FOREIGN CITY 

UNITED KINGDOM 
Abingdon 
Bristol 
London 
Malvern 
Oxford 
Oxford 

OTHER EUROPE 
ITALY 
Bologona 
Bologona 
Citta 
Frascati 
Frascati 
Frascati 
Pisa 

NETHERLANDS 

Hague 

Noordwijk 

Amsterdam 

NORWAY 

Oslo 

SWEDEN 

Stockholm 

SWITZERLAND 

Cern 

Geneva 

Geneva 

ASIA 

JAPAN 

Jaeri 

Nagoya 

Tokyo 

Tokyo 

Tokyo 

Tokyo 

Tokyo 

MALAYSIA 

Singapore 

SAUDI ARABIA 
Riyadh 


US CITY 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Princeton (JVNC), NJ 
Cambridge (BBN), MA 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 


US NET./PURPOSr LINK SPEED 

(Kbps) 

SPAN/NASA Research 56 
SPAN/NASA Research 9.6 
NSFNET, Acad Res 56 
DRI/DARPA Research 64 
SPAN/NASA Research 56 
SPAN/NASA Research 9.6 


Chicago (FNAL), IL 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Chicago (FNAL), IL 
Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Arlington (DARPA).VA 


Greenbelt (GSFC), MD 
Greenbelt (GSFC), MD 
Falls Church, VA 


Seismo, Washington.DC 


Princeton (JVNC), NJ 


ESNET/DOE HEP 

9.6 

ESNET/DOE HEP 

64 

SPAN/NASA Research 

9.6 

ESNET/DOE HEP 

64 

SPAN/NASA Research 

56 

SPAN/NASA Research 

9.6 

DRI/DARPA Research 

64 

SPAN/NASA Research 

19.2 

SPAN/NASA Research 

9.6 

EUNET, UNET 

64 

DRI/DARPA Research 

64 

NSFNET, Acad. Res. 

64 


Ithaca, NY 

Cambridge (MIT), MA 
Chicago (FNAL), IL 


Lawrence (LLNL), CA 
Lawrence (LLNL), CA 
Berkeley (LBL), CA 
Washington, DC (NSF) 
Honolulu, HA 
Honolulu, HA. 
Princeton, NJ 


Princeton, NJ 


Princeton, NJ 


NSFNET, Supercomput 

1544 

ESNET/DOE HEP 

256 

ESNET/DOE HEP 

64 


ESNET/DOE HEP 

9.6 

ESNET/DOE HEP 

9.6 

ESNET/DOE HEP 

56 

NSFNET Acad Res 

14.4 

NSN/NASA Research 

64 

NSN/NASA Research 

64 

BITNET, Acad Res 

9.6 

BITNET, Acad Res 

9.6 

BITNET, Acad Res 

9.6 
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EXHIBIT 6-3. Current US-International Links 

(Organized By Foreign Country - Continued) 




LINK SPEED 
(Kbps) 


AUSTRALIA/PACIFIC 


AUSTRALIA 


Melbourne 

Honolulu, HI 

NSN/N ASA Research 

64 

NEW ZEALAND 




Hamilton 

Honolulu, HI 

NSN/NASA Research 

64 

CENTRAL & SOUTH AMERICA 



BRAZIL 



9.6 

_ Rio De Janeiro 

Los Angeles, CA 

BITNET, Acad Res 

Rio De Janeiro 

Princeton, NJ 

BITNET, Acad Res 

9.6 

Sao Paulo 

Princeton, NJ 

BITNET, Acad Res 

9.6 

_ CHILE 


SPAN/NASA Research 

56 

La Serena 

Huntsville, AL 

Santiago 

Princeton, NJ 

BITNET, Acad Res 

9.6 

PUERTO RICO 



9.6 

San Juan 

Tampa, FL 

BITNET, Acad Res 
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The lines connecting the center box with the surrounding boxes 
show actual United States-intemational links. That is, these lines 
depict actual links between United States cities and cities in other 

parts of the world. As previously noted, these are not consolidated 

links. The numbers in the circles by each line indicate the number 
of links that the line represents. For example, the lines connecting 
the United States to Europe shows that there arc twenty-three 9.6 

Kbps link, twenty 64 Kbps links and one 1.544 Mbps link connecting 

the United States to Europe. This information was taken from Exhibit 

6.3. 


As indicated in Exhibit 6-4, there are some 76 links connecting 
the United States research networks to research networks in countries 
around the world. These links range in speeds from 9.6 Kbps to 1.544 
Mbps, and they connect a T1 backbone in the United States to research 
networks around the world, and that have link speeds ranging from 1.2 
Kbps to 64 Kbps. Currently, there arc no direct United States links 

to Africa. 

A perusal of Exhibits 6-2 to 6-4 shows that the current United 
States research network backbone link speed is higher than the 
backbone link speed of the various networks in other parts of the 
world. Also, note that the backbone link speed is higher than the 
typical link speed of links connecting the United States to other 
parts of the world. It is, therefore, apparent that the original 
current IRN topology and capacity map does not have to be altered to 
incorporate current international network requirements. In view of 
the number of duplicate United States-intemational links, it is also 
apparent that consolidating the international links would save money 
just as integrating the networks in the United States would save 

money. 


6.4 THE NEW FUTURE IRNS 


As noted earlier, the new future IRNs reflect anticipated growth 
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in international as well as domestic research network requirements. 
A new future IRN was developed for each of the benchmark years (i.e., 
1991, 1996, 2000, and 2010) used in the earlier study. Future IRNs 
were developed using a procedure similar to that used to develop the 
new current IRN. Each new future IRN is discussed below. 

6.4.1 The New 1991 IRN 

The new 1991 IRN was developed using the original 1991 IRN 
topology map (see Exhibit 6-5), the 1991 link speeds of the 
international research networks (see Exhibit 6-6), and the 1991 
United States-international links (see Exhibit 6-7). Exhibit 6-5 is 
taken from the earlier domestic study, and Exhibits 6-6 and 6-7 were 
presented previously in Section 4. 

The new 1991 IRN topology and capacity map is presented in 
Exhibit 6-8. The information in the box in the center of this 

exhibit shows the major access points and the T3/TJ connectivity of 
the 1991 IRN developed in the earlier study. As noted above in 

Section 6.2, the original 1991 IRN (see Exhibit 6-5) adequately 
reflects the updated domestic network requirements. 

As with the new current IRN, the boxes surrounding the center 
box in Exhibit 6-8 includes information (taken from Exhibit 6-6) on 

each of the six major areas of the world discussed in Sections 2 and 
3: Canada/Mexico, Europe, Africa, Central/South America, Australia/ 

Pacific and Asia. Again, for each of these major areas, the range of 
the typical link speeds of the backbones of the research networks in 

the countries in the area is indicated. For example, in Europe the 
typical backbone links speeds of the research networks in the 
European countries is projected to be in, 1991, 9.6 Kbps through 
1.544 Mbps. 

Note that in Exhibit 6-8, the lines connecting the center box 
with the surrounding boxes show consolidated, not actual (as they did 
in the previously presented exhibit depicting the new current IRN), 
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MAJOR ACCESS POINTS 
1991 CONNECTIVITY 
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EXHIBIT 6-5. The 1991 U.S. Domestic Integrated 
Research Network 



EXHIBIT 6-6. 1991 Projected. Link Speeds 
International Research Networks 


Location 

WORLDWIDE Networks 

NORTH AMERICA 
Canada 

Mexico 

EUROPE 

Continent-Wide Nets. 

Multi-Nation Nets. 

France 

Germany 

United Kingdom 

OTHER EUROPE 
Austria 

Denmark 

Finland 

Iceland 

Ireland 

Italy 

Netherlands 
Norway 
Soviet Union 
Spain 
Sweden 
Switzerland 
Yugoslavia 
ASIA 

Multi-Nation Nets. 


Link Speeds 
9.6 Kbps 

64 Kbps 
64 Kbps 

1.544 Mbps 
1.544 Mbps 
64 Kbps 
64 Kbps 
64 Kbps 

9.6 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 
64 Kbps 
64 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 
9.6 Kbps 
64 Kbps 
64 Kbps 
9.6 Kbps 

9.6 Kbps 
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EXHIBIT 6-6. 1991 Projected Link Speeds 
International Research Networks 

(Continued) 

Location Link Spee ds 


ASIA (Continued) 
Japan 

1.544 Mbps 

Hong Kong 

9.6 Kbps 

India 

9.6 Kbps 

Indonesia 

9.6 Kbps 

Israel 

9.6 Kbps 

Korea 

1.544 Mbps 

Malaysia 

9.6 Kbps 

Thailand 

9.6 Kbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

1.544 Mbps 

Australia 

9.6 Kbps 

New Zealand 

9.6 Kbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

9.6 Kbps 

AFRICA 

Multi-Nation Nets. 

9.6 Kbps 

Egypt 

9.6 Kbps 

Tunisia 

9.6 Kbps 
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EXHIBIT 6-7. 1991 Projected Link Speeds 
U.S. -International Links 


U.S. City 

Foreien Citv/Country 

Link Sneed 

Chicago, IL 

Toronto, Canada 

1.544 Mbps 

Ithaca, NY 

Montpellier, France 

1.544 Mbps 


Cern, Switzerland 

1.544 Mbps 

Princeton, NJ 

Bonn, Germany 

1.544 Mbps 


Stockholm, Sweden 

64 Kbps 


Rio De Janeiro, Brazil 

64 Kbps 


La Serena, Chile 

64 Kbps 


Singapore, Malaysia 

9.6 Kbps 


Riyadh, Saudi Arabia 

9.6 Kbps 

Greenbelt, MD 

Ottawa, Canada 

1.544 Mbps 


Oxford, United Kingdom 

1.544 Mbps 


Franscati, Italy 

1.544 Mbps 


Amsterdam, Netherlands 

64 Kbps 


Oslo, Norway 

64 Kbps 

Boulder, CO 

Mexico City, Mexico 

128 Kbps 

Austin, TX 

Monterrey, Mexico 

9.6 Kbps 


San Juan, Puerto Rico 

9.6 Kbps 

Honolulu 

Tokyo, Japan 

1.544 Mbps 


Melbourne, Australia 

64 Kbps 


Hamilton, New Zealand 

64 Kbps 
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CANADA 
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EXHIBIT 6-8. The 1991 U.S. Integrated Research Network 
With International Links 















United Statcs-intcrnational links. As noted in Section 4 and in the 
overview for this section, the United States-international links 
initially were consolidated to give each United States city only one 
link to any foreign country (see Exhibit 6-7). 

When developing the new 1991 1RN, an additional consolidation of 
links was made based on an understanding of 1991 network requirements 
between the United States and the major areas of the world (c.g., 
Europe). When making this additional consolidation, it also was 

assumed that continent-wide networks would be developing in selected 
parts of the world (e.g., Europe), and that the United States would 
have several links to these continent-wide networks and, therefore, 
would not need direct access to every major country. This resulted 
in a maximum of one United States-international link to each foreign 
country, and only indirect links to some countries. 

While it is possible that the United States’ researchers may 
require more than one link to some foreign countries, or may require 
separate links for special projects, these requirements were not 
reflected in the new 1991 or other new future 1RN topologies. It is 
believed that these requirements would be based more on needs related 
to security and redundancy than on capacity needs. Thus, the link 
lines in Exhibit 6-8 depict what are expected to be consolidated 
United States’ international link requirements in 1991. For example, 
Exhibit 6.8 shows three 1.544 Mbps links between the United States 
and Europe, indicating that three such links will meet expected 
United States link connectivity requirements with Europe in 1991. 

As indicated in Exhibit 6-8, there arc only 10 links connecting 
the United States research networks to research networks in countries 
around the world. These links are all 1.544 Mbps links except for 

the two links to Mexico and Central/South America which arc 128 Kbps 
links and one of the two links to Asia which is a 9.6 Kbps link. The 
ten links connect a T3/T1 backbone in the United States to research 
networks that are located around the world and that have link 
ranging from 9.6 Kbps to 1.544 Mbps. 
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speeds 


Note that the 1991 United States research network backbone link 

speed is still higher than the backbone link speed of the various 

networks in other parts of the world. Also, note that it is higher 

than the typical projected link speed of links connecting the United 
States to other parts of the world. It is apparent, therefore, that 
the original 1991 topology and capacity map docs not have to be 

altered to incorporate international research network requirements. 
However, continual improvements are needed in the United 
Statcs-international links. 

6.4.2 The New 1996 IRN 

The new 1996 IRN was developed using the original 1996 IRN 

topology map (sec Exhibit 6-9), the projected 1996 link speeds of the 
international research networks (see Exhibit 6-10), and the 1996 
United States-international links (see Exhibit 6-11). Exhibit 6-9 
was presented initially in the earlier domestic study, and Exhibits 
6-10 and 6-11 were presented previously in Section 4. 

The new 1996 IRN topology map is presented in Exhibit 6-12. The 
information in the box in the center of this exhibit shows the major 
access points and the connectivity, with link speeds ranging from 45 
Mbps to 1 Gbps, of the 1996 IRN developed in the earlier study (see 
Exhibit 6-9). As noted above in Section 6.2, the original 1996 IRN 

(see Exhibit 6-9) adequately reflects the updated domestic network 
requirements. 

As with the new 1991 IRN, the boxes surrounding the center box 
in Exhibit 6-12, showing the new 1996 IRN, include information (from 
Exhibit 6-10) on each of the six areas of the world discussed in 

Sections 2-3: Canada/Mexico, Europe, Africa, Central/South America, 

Australia /Pacific and Asia. Again, for each of these areas, the 
range of the typical link speeds of the backbones of the research 

networks in the countries in the area is noted. For example, in 

Europe the typical backbone links speeds of the research networks in 
European countries is projected to be in, 1996, 64 Kbps to 45 Mbps. 
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MAJOR ACCESS POINTS 
PROJECTED CONNECTIVITY 1996 



EXHIBIT 6-9. The 1996 U.S. Domestic Integrated 
Research Network. 



EXHIBIT 6-10. 1996 Projected Link Speeds 
International Research Networks 

Location Link Spee ds 


WORLDWIDE Networks 

1.544 Mbps 

NORTH AMERICA 
Canada 

45 Mbps 

Mexico 

1.544 Mbps 

EUROPE 

Continent-Wide Nets. 

45 Mbps 

Multi-Nation Nets. 

45 Mbps 

France 

45 Mbps 

Germany 

45 Mbps 

United Kingdom 

45 Mbps 

OTHER EUROPE 
Austria 

1.544 Mbps 

Denmark 

45 Mbps 

Finland 

1.544 Mbps 

Iceland 

1.544 Mbps 

Ireland 

1.544 Mbps 

Italy 

45 Mbps 

Netherlands 

45 Mbps 

Norway 

45 Mbps 

Soviet Union 

1.544 Mbps 

Spain 

1.544 Mbps 

Sweden 

45 Mbps 

Switzerland 

45 Mbps 

Yugoslavia 

64 Kbps 

ASIA 

Multi-Nation Nets. 

64 Kbps 
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EXHIBIT 6-10. 1996 Projected Link Speeds 
International Research Networks 

(Continued) 


Location 

Link SDeeds 

ASIA (Continued) 
Japan 

45 Mbps 

Hong Kong 

64 Kbps 

India 

64 Kbps 

Indonesia 

64 Kbps 

Israel 

64 Kbps 

Korea 

1.544 Mbps 

Malaysia 

64 Kbps 

Thailand 

64 Kbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

45 Mbps 

Australia 

1.544 Mbps 

New Zealand 

1.544 Mbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

64 Kbps 

AFRICA 

Multi-Nation Nets. 

64 Kbps 

Egypt 

64 Kbps 

Tunisia 

64 Kbps 
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EXHIBIT 6-11. 1996 Projected Link Speeds 
U.S. -International Links 


U.S. City 

Fnrfipn Citv/Countnr 

Link Sneed 

Chicago, IL 

Toronto, Canada 

45 Mbps 

Ithaca, NY 

Montpellier, France 

45 Mbps 


Cern, Switzerland 

45 Mbps 

Princeton, NJ 

Bonn, Germany 

45 Mbps 


Stockholm, Sweden 

45 Mbps 


Rio De Janeiro, Brazil 

1.544 Mbps 


La Serena, Chile 

1.544 Mbps 


Singapore, Malaysia 

64 Kbps 


Riyadh, Saudi Arabia 

64 Kbps 

Greenbelt, MD 

Ottawa, Canada 

45 Mbps 


Oxford, United Kingdom 

45 Mbps 


Franscati, Italy 

45 Mbps 


Amsterdam, Netherlands 

45 Mbps 


Oslo, Norway 

45 Mbps 

Boulder, CO 

Mexico City, Mexico 

1.544 Mbps 

Austin, TX 

Monterrey, Mexico 

1.544 Mbps 


San Juan, Puerto Rico 

64 Kbps 

Honolulu 

Tokyo, Japan 

45 Mbps 


Melbourne, Australia 

1.544 Mbps 


Hamilton, New Zealand 

1.544 Mbps 
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ASIA 











In Exhibit 6.12, as in Exhibit 6-8 showing the new 1991 1RN 
topology, the lines connecting the center box with the surrounding 
boxes represent consolidated, not actual United Statcs-international 
links (see Exhibits 6-11). As with 1991, an additional consolidation 
of links was made based on an understanding of 1996 network 

connectivity requirements between the United States and each of the 
major areas of the world (e.g., Europe). This understanding is built 
upon the 1991 projected link speeds of the United 
States-international links (see Exhibit 6-8). 

As indicated in Exhibit 6-12, there are (as there were for 1991) 
only 10 links connecting the United States research networks to 
research networks in countries around the world. These links in 1996 
are all 45 Mbps links except for two links to Mexico and Central and 
South America and one to Asia which are 1.544 Mbps links. The ten 

links connect a backbone, ranging in link speeds from 45 Mbps to 1 
Gbps, in the United States to research networks that are around the 
world that have link speeds ranging from 9.6 Kbps to 45 Mbps. 

Again, note that the 1996 United States research network 
backbone link speed is still higher than the backbone link speed of 

the various networks in other parts of the world. It is also higher 
than the typical link speed of links connecting the United States to 
other parts of the world. Therefore, just as for 1991, it is 
apparent that the original 1996 topology and capacity map docs not 

have to be altered to incorporate international research network 
requirements. However, continual improvements are needed in the 
United States-international links. 

6.4.3 The New 2000 IRN 

The new 2000 IRN was developed using the original 2000 IRN 
topology map (see Exhibit 6-13), the projected year 2000 link speeds 
of the international research networks (see Exhibit 6-14), and the 
year 2000 United States-international links (see Exhibit 6-15). 
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EXHIBIT 6-13. The Year 2000 U.S. Domestic Integrated 
Research Network 




EXHIBIT 6-14. 2000 Projected Link Speeds 
International Research Networks 

Location Link Spee ds 


WORLDWIDE Networks 

45 Mbps 

NORTH AMERICA 
Canada 

1 Gbps 

Mexico 

45 Mbps 

EUROPE 

Continent-Wide Nets. 

1 Gbps 

Multi-Nation Nets. 

1 Gbps 

France 

1 Gbps 

Germany 

1 Gbps 

United Kingdom 

1 Gbps 

OTHER EUROPE 
Austria 

45 Mbps 

Denmark 

1 Gbps 

Finland 

45 Mbps 

Iceland 

45 Mbps 

Ireland 

45 Mbps 

Italy 

1 Gbps 

Netherlands 

1 Gbps 

Norway 

1 Gbps 

Soviet Union 

45 Mbps 

Spain 

45 Mbps 

Sweden 

1 Gbps 

Switzerland 

1 Gbps 

Yugoslavia 

1.544 Mbps 

ASIA 

Multi-Nation Nets. 

1.544 Mbps 
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EXHIBIT 6-14. 2000 Projected Link Speeds 
International Research Networks 

(Continued) 

Location Link Sneeds 

ASIA (Continued) 

Japan 1 Gbps 


Hong Kong 

1.544 Mbps 

India 

1.544 Mbps 

Indonesia 

1.544 Mbps 

Israel 

1.544 Mbps 

Korea 

45 Mbps 

Malaysia 

1.544 Mbps 

Thailand 

1.544 Mbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

1 Gbps 

Australia 

45 Mbps 

New Zealand 

45 Mbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

1.544 Mbps 

AFRICA 

Multi-Nation Nets. 

1.544 Mbps 

Egypt 

1.544 Mbps 

Tunisia 

1.544 Mbps 
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EXHIBIT 6-15. 2000 Projected Link Speeds 


U.S. -International Links 


U.S. Citv 


Link SDeed 

Chicago, IL 

Toronto, Canada 

1 Gbps 

Ithaca, NY 

Montpellier, France 

1 Gbps 


Cern, Switzerland 

1 Gbps 

Princeton, NJ 

Bonn, Germany 

1 Gbps 


Stockholm, Sweden 

1 Gbps 


Rio De Janeiro, Brazil 

45 Mbps 


La Serena, Chile 

45 Mbps 


Singapore, Malaysia 

1.544 Mbps 


Riyadh, Saudi Arabia 

1.544 Mbps 

Greenbelt, MD 

Ottawa, Canada 

1 Gbps 


Oxford, United Kingdom 

1 Gbps 


Franscati, Italy 

1 Gbps 


Amsterdam, Netherlands 

1 Gbps 


Oslo, Norway 

1 Gbps 

Boulder, CO 

Mexico City, Mexico 

45 Mbps 

Austin, TX 

Monterrey, Mexico 

45 Mbps 


San Juan, Puerto Rico 

1.544 Mbps 

Honolulu 

Tokyo, Japan 

1 Gbps 


Melbourne, Australia 

45 Mbps 


Hamilton, New Zealand 

45 Mbps 
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Exhibit 6-13 was presented initially in the earlier study, and 
Exhibits 6-14 and 6-15 were presented previously in Section 4. 

The new 2000 IRN topology map is presented in Exhibit 6-16. The 
information in the box in the center of this exhibit shows the major 
access points and the connectivity, link speeds ranging from 274 Mbps 
to 5 Gbps, of the 2000 IRN developed in the earlier domestic study. 
As noted above in Section 6.2, the original 2000 IRN (see Exhibit 
6-13) adequately reflects the updated domestic network requirements. 

As with the new 1996 IRN, the boxes surrounding the center box 
in Exhibit 6-16, showing the new 2000 IRN, include information (taken 

from Exhibit 6-14) on each of the six major areas of the world 
discussed in Sections 2 and 3; Canada/Mexico, Europe, Africa, 
Central/South America, Australia/Pacific and Asia. Again, for each 
of these major areas, the range of the typical link speeds of the 
backbones of the research networks in the countries in the area is 
indicated. For example, in Europe the typical backbone links speeds 

of the research networks in the European countries is projected to be 

45 Mbps through 1 Gbps by the year 2000. 

In Exhibit 6-16, as in Exhibit 6-12 showing the new 1996 IRN 
topology, the lines connecting the center box with the surrounding 
boxes show consolidated, not actual United States-international links 
(see Exhibits 6-15). An additional consolidation of links was made 
based on an understanding of 2000 network connectivity requirements 
between the United States and each of the major areas of the world 
(e.g., Europe). This understanding is built upon the 1996 projected 
link speeds of the US-international links (see Exhibit 6-12). 

As indicated in Exhibit 6-16, there are (as there were for 1996) 

only 10 links connecting the United States research networks to 
research networks in countries around the world. These links in 2000 
are all 1 Gbps links except for two links to Mexico and Central and 
South America and one to Asia which are 45 Mbps links. The ten links 
connect a backbone, ranging in link speeds from 274 Mbps to 5 Gbps, 

Page 6-34 















in the United States to research networks around the world that have 
link speeds ranging from 9.6 Kbps to 1 Gbps. 


Agam, note that the year 2000 United States research network 
backbone link speed is still higher than the backbone link speed of 
the various networks in other parts of the world. Also, it is higher 
than the typical link speed of links connecting the United States to 
other parts of the world. Therefore, as before for 1996 it is 
apparent that the original 2000 topology and capacity map does not 
be altered to incorporate international research network 
requirements. However, continual improvements in terms of link 

speeds are needed in the United States-international links. 


6.4.3 The New 2010 IRN 


The new 2010 IRN was developed using the original 2010 IRN 
topology map (see Exhibit 6-17), the projected 2010 link speeds of 
the international research networks (see Exhibit 6-18), and the 2010 
United States-international links (see Exhibit 6-19). Exhibit 6-17 
was presented initially in the earlier domestic study, and Exhibits 
6-18 and 6-19 were presented previously in Section 4. 

The new 2010 IRN topology map is presented in Exhibit 6-20. The 
information in the box in the center of this exhibit shows the major 
access points and the connectivity, with link speeds ranging from 1 
Gbps to 25 Gbps, of the 2010 IRN developed in the earlier domestic 
study (see Exhibit 6-17). As noted above in Section 6.2, the 

original 2010 IRN (see Exhibit 6-17) adequately reflects the updated 
domestic network requirements. 


As with the new 2000 IRN, the boxes surrounding the center box 
in Exhibit 6-20, showing the new 2010 IRN, include information (taken 
from Exhibit 6-18) „„ each of the six major areas of the worid 
discussed in Sections 2/3: Canada/Mexico, Europe, Africa, Central/ 

South America, Aus.ralia/Pacific and Asia. Again, for each of these 
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EXHIBIT 6-17. The 2010 U.S. Domestic Integrated Research 
Network. 






EXHIBIT 6-18. 2010 Projected Link Speeds 
International Research Networks 


Location 

Link SDeeds 

WORLDWIDE Networks 

1 Gbps 

NORTH AMERICA 
Canada 

5 Gbps 

Mexico 

1 Gbps 

EUROPE 

Continent-Wide Nets. 

5 Gbps 

Multi-Nation Nets. 

5 Gbps 

France 

5 Gbps 

Germany 

5 Gbps 

United Kingdom 

5 Gbps 

OTHER EUROPE 
Austria 

1 Gbps 

Denmark 

5 Gbps 

Finland 

1 Gbps 

Iceland 

1 Gbps 

Ireland 

1 Gbps 

Italy 

5 Gbps 

Netherlands 

5 Gbps 

Norway 

5 Gbps 

Soviet Union 

1 Gbps 

Spain 

1 Gbps 

Sweden 

5 Gbps 

Switzerland 

5 Gbps 

Yugoslavia 

45 Mbps 

ASIA 

Multi-Nation Nets. 

45 Mbps 
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EXHIBIT 6-18. 2010 Projected Link Speeds 
International Research Networks 

(Continued) 

Location Link Speeds 


ASIA (Continued) 
Japan 

5 Gbps 

Hong Kong 

45 Mbps 

India 

45 Mbps 

Indonesia 

45 Mbps 

Israel 

45 Mbps 

Korea 

1 Gbps 

Malaysia 

45 Mbps 

Thailand 

45 Mbps 

AUSTRALIA/PACIFIC 
Multi-Nation Nets. 

5 Gbps 

Australia 

1 Gbps 

New Zealand 

1 Gbps 

CENTRAL & SOUTH AMERICA 
Multi-Nation Nets. 

45 Mbps 

AFRICA 

Multi-Nation Nets. 

45 Mbps 

Egypt 

45 Mbps 

Tunisia 

45 Mbps 
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EXHIBIT 6-19. 2010 Projected Link Speeds 
U.S. -International Links 


U.S. City 


Link Speed 

Chicago, IL 

Toronto, Canada 

5 Gbps 

Ithaca, NY 

Montpellier, France 

5 Gbps 


Cern, Switzerland 

5 Gbps 

Princeton, NJ 

Bonn, Germany 

5 Gbps 


Stockholm, Sweden 

5 Gbps 


Rio De Janeiro, Brazil 

1 Gbps 


La Serena, Chile 

1 Gbps 


Singapore, Malaysia 

45 Mbps 


Riyadh, Saudi Arabia 

45 Mbps 

Greenbelt, MD 

Ottawa, Canada 

5 Gbps 


Oxford, United Kingdom 

5 Gbps 


Franscati, Italy 

5 Gbps 


Amsterdam, Netherlands 

5 Gbps 


Oslo, Norway 

5 Gbps 

Boulder, CO 

Mexico City, Mexico 

1 Gbps 

Austin, TX 

Monterrey, Mexico 

1 Gbps 


San Juan, Puerto Rico 

45 Mbps 

Honolulu 

Tokyo, Japan 

5 Gbps 


Melbourne, Australia 

1 Gbps 


Hamilton, New Zealand 

1 Gbps 
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EXHIBIT 6-20. The 2010 U.S. Integrated Research Network 
With International Links. 













major areas, the range of the typical link speeds of the backbones of 

the research networks in the countries in the area is indicated. For 

example, in Europe the typical backbone links speeds of the research 
networks in the European countries is projected to be in, 2010, 45 
Mbps through 5 Gbps. 

In Exhibit 6-20, as in Exhibit 6-16 showing the new 2000 IRN 

topology, the lines connecting the center box with the surrounding 
boxes show consolidated, not actual United States-intcrnational links 

(see Exhibits 6-19). As for 2000, an additional consolidation of 
links was made based on an understanding of 2010 network connectivity 
requirements between the United States and each of the major areas of 

the world (e.g., Europe). This understanding included the year 2000 

projected link speeds of the United States-international links (see 
Exhibit 6-16). 

As indicated in Exhibit 6-20, there are (as there were for 2000) 
only 10 links connecting the United States research networks to 
research networks in countries around the world. These links in 2010 
are all 5 Gbps links except for the two links to Mexico and Central 
and South America and one to Asia which are 1 Gbps links. The ten 
links connect a backbone, ranging in link speeds from 1 Gbps to 25 
Gbps, in the United States to research networks around the world that 

have link speeds ranging from 64 Kbps to 5 Gbps. 

Again, the 2010 United States research network has a backbone 
link speed that is still higher than the backbone link speed of the 
various networks in other parts of the world. Also, it is higher 
than the typical link speed of links connecting the United States to 
other parts of the world. Therefore, as was the case with year 2000, 
it is apparent that the original 2010 topology map docs not have to 
be altered to incorporate international research network 

requirements. However, as was the case for each of the previous 
benchmark years, continual improvements and consolidation are needed 
in the United States-international links to make certain that 
benefits from economies of scale accrue. 
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6.5 SUMMARY OF NEW CURRENT & FUTURE 1RNS 


The new current and future IRNs were described in this section. 
The results of the current study, presented in Sections 2-5, were 
used to modify the original IRNs developed in the previous U.S. 
Domestic Research Network Study. First, the impact, on the current 
and future IRNs, of unexpected changes in the United States research 
networks and in the NREN plans was assessed and summarized. Then, 
the current international research network traffic flow was 
incorporated in the projection of the new current IRN. Lastly, and 

in a similar manner, the future international research network 
traffic flow was incorporated in the descriptions of the new future 
IRNs. The results of these efforts are briefly summarized below. 


6.5.1 Summary of Update 

A review of the update of the United States research networks 
and the NREN plans suggested that the original topology maps, 
developed in the earlier study for the current and future IRNs, still 
reflect expected domestic research network requirements. Therefore, 
it was concluded that these original topology maps could be used, 
along with information on the networks outside of the United States 
and on the United States-international links, to develop the new 

current and future IRNs. 

6.5.2 The New Current IRN 

The incorporation of the current international research network 
traffic flow in the development of the new current IRN, resulted in 
no change to the original current IRN domestic topology map, but 
suggested a need to consolidate and improve the performance of United 
States-international links. Currently, there are some 77 links 
connecting the United States research networks to research networks 
in countries around the world. These links range in speed from 9.6 
Kbps to 1.544 Mbps, and they connect a T1 backbone in the United 
States to research networks around the world that have link speeds 
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ranging from 1.2 Kbps to 64 Kbps. Currently, there are no direct 
United States links to Africa. 

Thus, the current domestic United States integrated research 
network has a backbone link speed that is higher than the backbone 
link speed of the various networks in other parts of the world. 
Also, it is higher than the typical link speed of links connecting 
the United States to other parts of the world. Therefore, it was 

concluded that the original current IRN topology map did not have to 
be altered to incorporate current international network 
requirements. Because there are a large number of international 
links, it was suggested that consolidating the international links 
would save money just as integrating the networks in the United 
States would save money. 

In summary, the new current IRN topology map includes the 

following: the original current domestic topology map developed in 

the earlier study; the 77 international links to six major areas of 

the world; and the range of the typical link speeds of the backbones 
of the research networks in the countries in the six major areas. 
Please see Exhibit 6-4, page 6-14. 

6.5.3 The New Future IRNs 

The incorporation of the future international research network 
traffic flows in the new future IRNs resulted in no changes to the 
original future IRN domestic topology maps. But, as was the case 
with the new current IRN, this incorporation suggested a need to 

consolidate and improve the performance of United States- 
international links for each benchmark year. The four new future 
IRNs are briefly described below. 

6.5.3.1 The New 1991 IRN 

A Consolidation of the United States-international links in 1991 
resulted in only 10 links connecting the United States 
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networks to research networks in countries around the '" or ' d 
1991 these iinks are all projected to be 1.544 Mbps l.nks except or 

the two links to Mexico and Centra, /South America which are «pec ^ 
to be 128 Kbps links and one of the two links to sia 

expected to be a 9.6 Kbps link. The ten links connect a T3/T1 
backbone in the United States to research networks around the wor 
that have link speeds ranging from 9.6 Kbps to 1.544 Mbps. 

Thus the 1991 United States research network has a backbone 

:;r; " z 

United States to other parts of the world. It was therefore contt u ^ 

that the original ,991 topology ">ap does no, have 

incorporate international research network rettu.remen . «-e e 

was also noted .ha, continual improvements are needed mjh 

States-international links to make certain t e m 

networks have adequate connectivity with | research ^Tlnlcase" noted 
world These improvements were rnd.cated by 

above, in the speeds of the United States-international links. 

In summary, the new 1991 IRN topology map includes the 

following: the original ,99, domestic topology map developed 

earlier study; the ,0 ,99, consolidated f ° 

c Of the world- and the range of the typical 199 
major areas ’ rcsearch networks in the countries in 

speeds of the backbones of the researen 

the six major areas. Please see Exhibit 6-8, page 6-21. 


6.S.3.2 The New 1996 IRN 

1996 only 10 links are projected (the same as projected for 

u States research networks to research 

1991) for connecting the Unt ted St ^ ^ ^ ^ arc all 

networks in countries around • and 

• t.H to be 45 Mbps links except for two links to 
projected to be 5 P which are cach expected to be 

Central/South America and one to As 
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1.544 Mbps links. The ten links connect n bnckbonc, ranging i„ n „k 

speeds from 45 Mbps to 1 Gbps, in the United States to research 

networks around the world that have link speeds ranging front 9.6 Kbps 
to 45 Mbps. 


Thus, the 1996 United States research network has a backbone 
link speed that is still higher than the backbone link speed of the 
various networks in other parts of the world. Also, it is higher 
than the typical link speed of links connecting the United States to 
other parts of the world. Therefore, as was the case for 1991, it 
was concluded that the original 1996 topology map does not have to' be 
altered to incorporate international research network requirements. 
Improvements in United States-international links were indicated by 

the increase, noted above, in the speeds of the United States- 
international links. 


In summary, the 
following: the original 

consolidated international 
the range of the typical 
research networks in the 
see Exhibit 6-12, page 6-28. 


new 1996 IRN topology map includes the 
1996 domestic topology map; the 10 1996 
links to six major areas of the world; and 
1996 link speeds of the backbones of the 
countries in the six major areas. Please 


6.5.3.3 The New 2000 IRN 


In the year 2000, .he came 10 links are projected for connecting 
the United States research networks to research networks in countries 
around the world. However, these links in the year 2000 are all 
projected to be 1 Gbps links except for two links to Mexico and 
Central/South America and one to Asia which are each expected to be 
45 Mbps links. The ten links connect a backbone, ranging in , ink 
speeds from 274 Mbps to 5 Gbps, in the United States to research 

networks around the world that have link speeds ranging from 9.6 Kbps 
to 1 Gbps. 


Thus, the 2000 United States research network has a backbone 
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,i„k speed that is stm higher than the backbone link speed of he 
various networks in other parts of the world. Also, .. ts ti 

than the typical link speed of links connecting the Un.te tales 
other parts of the worid. Therefore, as was the case for ,99 . 

was concluded that the original 2000 topology map does no. have to 
altered to incorporate international research network recrements 
Continual improvements are needed in the United States-internat.ona 
links ,0 make certain the United States research networks ha 
adet.ua, e connectivity with research networks around the world. These 
improvements were indicated by the increase, noted above, 
speeds of the United States-international links. 

T orv the new year 2000 IRN topology map includes the 

In summary, the new year 

following: the original year 2000 domestic topology map 

the earlier domestic study; the 10 consolidated tnterna, tonal 

,0 six major areas of the world; and the range of the typtca^ year 

2000 link speeds of the backbones of the research nctwor 

countries in the six major area. Please see Exhtbt. 6-16, page 

6-35. 


6.5.3.4 The New 2010 IRN 

, _ in link*: are oroiected for connecting the 

In year 2010, the same 10 links are project 

United States research networks ,0 research networks in countr.es 

around the world. As before, these links are expected ,0 b 

operating a. higher speed. In the year 2010, they arc al, Projected 

be 5 Gbps links except for two links to Mexico and Centra / on 

America and one ,0 Asia which are each expected to be I Gbp 1, , 

The ten links connect, in ,h. year 2010, a backbone, rang.ng 

speeds from 1 Gbps to 25 Gbps, in the United States ,0 resea rc 

networks around the world .ha, have link speeds rang.ng from 
to 5 Gbps. 

Hence the year 2010 United States research network has a 
backbone .ink speed that is still higher than the backbone tak speed 
„f the various networks in other parts of the world. Also, 
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■8 cr than the typical link speed of links connecting , he Unilcd 
ates to other parts of the world. Therefore, as was the case for 

year 2000, it was concluded that the original year 2010 topology map 
oes not have to be altered to incorporate international research 
network requirements. Again, i, was also suggested that continual 
improvements are needed in the United States-inicrnational links to 
make certain the United States researeh networks have adequate 
connectivity with research networks around the world. And again 

these improvements were indieated by the increase, noted above, in' 
the speeds of the United States- international links. 

In summary, the new year 2010 IRN topology map includes the 
following: ,he ori gi„a, year 2010 domes.ie topology map developed in 

c earlier domestic study; the 10 consolidated international links 
to six major areas of the world; and the range of the typical year 

link speeds of the backbones of the research networks in the 
countries ,n the six major areas. Please see Exhibit 6-20, page 
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LIST OF ABBREVIATIONS 


All abbreviations are defined when they first appear in the text. Those 

abbreviations that are used more than once in the text are listed and 
defined here. 


abbreviation meaninc 


AARNET 

Australian Academic & Research Network 

ABN 

Australian Bibliographic Network 

Academnet 

Soviet Union Network 

ACONET 

Australian Academic Computer Network 

ACSnet 

Australian Computer Science Network 

ADRIADNE 

Greek Network 

Afrimail 

Tunisia network 

AGFNET 

Arbeitsgemeinschaft der Grossf orschungseinrichtungen 
(Association of National Research Networks) Network 

AHEN 

Alberta Higher Education Network 

ANAS 

Administrative Network of Academy of Sciences 

ARISTOTE 

Association of Information Networks In A Completely Open 
& Very Elaborate System Network 

ARPANET 

Advanced Research Projects Agency Network 

AUSEnet 

Association of South East Asian Nations Network 

BARRNET 

Bay Area (No. California) Regional Research Network 

BCnet 

British Columbia Network 

BELWU 

Baden-Wurttemberg Network 

BERNET 

Berlin Network 

BITNET 

Before Its Time Network 

CA’net 

Canadian Research Network 

CARINET 

Latin American Development Network 

CATIENET 

Tropical Agricultural Research & Training Center Network 

CCCRN 

Canadian Coordinating Committee On Research Networking 

CCIRN 

Coordinating Committee for Intercontinental Research 
Networking 
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LIST OF ABBREVIATIONS 

(Continued) 


ABBREVIATION 

CCITT 

CDNnet 

CEPT 

CICNET 

CGNET 

CRIM Network 

CRN 

CSNET 

CYCLADES 

DARPA 

DENet 

DFN Network 

DKNet 

DOD 

DOE 

DREnet 

DRI 

DSIREnet 

EARN 

EDUCOM 

EIN 

Enet 

ENSTINET 

ERNET 

ESNET 

ESPRIT 


MEANING 

Consultative Committee for International Telephony & 

Telegraphy 
Canadian Network 

Conference of European Postal & Telecommunications 

Committee on Institutional Cooperation Network 

Consultative Group Network 

Computer Institute of Montreal Network 

Computer Research Network 

Computer + Science Network 

Network named after Cyclades, an archipelago in the 
Aegean Sea 

Defense Advanced Research Projects Agency 

Danish Ethernet Network 

Deutsches Forschungs Netz Network 

Denmark Network 

Department of Defense 

Department of Energy 

Defense Research Establishment Network 
Defense Research Internet 

Dept, of Scientific & Industrial Research Network 
European Academic Research Network 

Non-profit consortium of institutions of higher 
education. 

European Informatics Network 
Spain branch of EUnet 

Egyptian National Science & Technology Information 
Network 

Education & Research Network 
Energy Science Network 

European Strategic Programme for Research in Information 
Technology 
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LIST OF ABBREVIATIONS 

(Continued) 

ABBREVIATION meaning 


EUnet 

EUROCCIRN 

EuroKom 


FAENET 

FCCSET 

FEPG 

FIDONET 

FNC 

FNET 

FRICC 

FUNET 

GSFC 

GULFNET 

harnet 

heanet 

hepnet 

hmi-met 

IAB 

IASnct 


IEC 

IETF 

ILAN 

INFNET 

INTAP 

IRN 

IRTF 

ISO 

ITESM 


European UNIX Network 
European CCIRN 

Network of participants in European Strategic Programme 
or Research in Information Technology 
Spain Branch of HEPNET 

C0UDCi, f ° r sci '" c '- E " 8 ™ - 


FRICC Engineering Planning Group 
Network named after a computer ~ 

Federal Networking Council 
French Network (Branch of EUnet) 

Federal Research Internet Coordinating Committee 

Finish University Network 

Goddard Space Flight Center 

Kuwait & Saudi Arabia 

Hong Kong Academic & Research Network 

Higher Education Authority Network 

High Energy Physics Network 

Hahn-Meitner Institute Network 

Internet Activity Board 

Institute of Automated Systems Network 
Countries-Soviet Union) 

International Electrotechnical Commission 
Internet Engineering Task Force 
Israel Academic Network 


(Socialist 


Insliluto Nazionale Fisica Nudeare Network 

Interoperability Technology Association for 
Processing 


Information 


Integrated Research Network 
Internet Research Task Force 
International Standards Organization 
Institute de Estudioe Superiors de Monterrey 
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LIST OF ABBREVIATIONS 

(Continued) 


ABBREVIATION 

MEANING 

JANET 

Joint Academic Network 

JUNET 

Japanese University Network 

JVNC 

John von Neumann Center 

JVNCNET 

John von Neumann National Supercomputer Center Network 

LEP3NET 

LEP = an accelerator at Cern, 3 - experiment number 

MERIT 

Membership consortium of Michigan universities 

MIDNET 

Membership consoritum of midwestern universities 

MPT 

Ministry of Posts & Telecommunications (Japan) 

MRNET 

Minnesota Regional Network 

N-l 

Japanese Network 

NACC 

Necessary Ad Hoc Coordinating Committee 

NACCIRN 

North American CCIRN 

NACSIS Network 

National Center for Science Information Systems Network 

NASA 

National Aeronautics & Space Administration 

NASCOM 

NASA’s communication network (Goddard) 

NASNET 

Numerical Aerodynamics Simulation Network 

NCAR 

National Center for Atmospheric Research 

NCSA 

National Center for Supercomputer Applications 

NCSANET 

National Center for Supercomputing Applications Network 

NetNorth 

Canadian network 

NICNET 

National Informatics Centre Network (India) 

NIT 

Nippon Telegraph & Telephone 

NORDUnet 

Network of Nordic countries 

NORTHWESTNET 

Membership consortium in Northwest 

NPL 

National Physical Laboratory ' 

NREN 

National Research & Education Network 

NRI 

National Research Initiatives 

NSF 

National Science Foundation 

NSFNET 

National Science Foundation Network 

NSN 

NASA Science Network 

NYSERNET 

New York State Education and Research Network (Cornell) 
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LIST OF ABBREVIATIONS 

(CONTINUED) 


Abbreviation meantn^ 


OARNET 

Onct 

OPMODEL 

OSI 

OSTP 

PACCOM 

PACNET 

PHYNET 

PSCAA 

PSCN 

PSCNET 

QTInet 

RangKom 

RARE 

REUNIR 

RIB 

RICA 

RIG 

RIPE 

RPC 

SDCS 

SDN 

SDSCNET 

SERCnct 

SESQUINET 

Sigma 

SIS 

SMARTIX 

SPAN 

SPEARNET 

SUNET 


Ohio Academic Resources Network 
Ontario Network 

DOE Operational Model Network 
Open Systems Interconnect 

Office of Science & Technology Policy (White House) 
Pacific regional network 

Pacific & Asian Academic Network 
Physicists Network 

Pittsburgh Supercomputer Center Academic Affiliates 

Program Support Communications Network (MSFC) 

Pittsburgh Supercomputing Center Network 

Queensland Tertiary Institution network 

Rangkaian Komputer Malaysia Network 

Rcseaux Associes pour la Recherche Europeenne 

French network of universities & research 

Research Interagency Backbone 

Spain regional academic network 

Research Interagency Gateways 

Reseau IP European Network 

Reseau Communication par Paquet Network 

San Diego Supercomputer Center 

Systems Development Network (Korea) 

San Diego Supercomputer Center Network 
Science & Engineering Research Council Network 
Texas Sesquicentennial Network 
Japan Network 

Social Information Systems Network 
French network 

Space Physics Analysis Network 
South Pacific Education & Research Network 
Swedish University Network 
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LIST OF ABBREVIATIONS 

(CONTINUED) 


ABBREVIATION 

MEANING 

SURANET 

Southeastern Universities Research Association Network 

SURFnet 

Netherlands network (branch of EARN) 

SWITCH 

Switzerland Network 

TCSnet 

Thai Computer Science Network 

THENET 

Texas Higher Education Network 

UKnet 

United Kingdom Network 

UNAM 

National University of Mexico Network 

UNInet 

Indonesia network 

UNINETT 

Norway Network 

USAN 

University Satellite Network 

USENET 

Users Network 

UUCP 

UNIX to UNIX copy program 

UUNET 

UUCP & USENET Network 

VICNET 

Victorian colleges network 

WESTNET 

Network of five western states: AZ, CO, NM, UT, and WY 

XDRENET 

Advanced DREnet 
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